









Was THK 
SAN 9) hes onneett 

Ler A wy wer 
wt 









Bel aeee Hts 
~* 










ee ees 


4 ett er erm 
ma 


aideoreabshow 
fyb ee 
Yee 















oir4 one 
Vassedav dab uod 
reseciency 

ere 









" ry 
Mariya eto N04 Bastien 
at ” 

bow *ionis i 4} Hy . 














ba soda) fit 


weil se 
Si eee ee 


La 
escent 






AW oats ws 
AAA Rey 

















































































Fs oes a 
ia eau Hoag te sila soso bat as 
Sho oem CM Mn KIT ok yy ese 4 of erik , Soe Wir atge at tanrordoaeer at ie hans 
Sedum atin) a sarki Woke te 94th seards er str ketnraaoe foo The, ahs Panvsbrasies oho 
* yn an ey if a ate aw 4 i betas Bitrate set i cite eet at eteneok 4 Win yee 
; rast Huth anes (el " oe 4 i 
Core ~ bed ag ff} ty 4 th be ied a ane ” cl wl ‘Mh “y ty woe tr) C feergl tbh my 
Cha tt lies ere -” ig wwe Pet er Fi) ‘) 4 dt ey ry io. 306 iia ot ie Sarat axe. a abe * ites ise * Pee ey pueaest sass 





Cs seth i Oteaayein 


oh ats 
eae fe 4 ai Br iri 
SiN tas ‘ated nso Watt ay 


4 hee 

Paar " Sinn 

Hist it f are Ay Son yi shinee Sata bia te 
Wine are we A nedih i gia hw 

Ho eed owt edt SA a Re Fale A rte 

Lh ites 

sie oats Ae ote IM 

eae a RCT 

3. Ev emt a8 A oe 


sh cine mai ie ere 


a9 res zs abcess 





aadott eh 

+ 1G He Hoe Wet . 

Ae pe ee ate 
4 n 









sti ie Maas cae 4 
Pete gem so ne Ba san) 
nif oa ay rit 
Pet) han es rita aes arate def 
sti 


a ister 4 iaribeat\ 


eiien daar aoe Kat 


F Sat 
att oe ay 
GF Bde aa Perse 
ee pee obi 
Bre Striated Panett 


site by 
a Pe AL ih pistes 
~ 9h 0 oe a rt aia ai Sineanh? 
a te ae Pe or on 


“ or 
seat Ee S 














































a) 








Laat a Ke wie e 
pial ctr a ny iy Hi rsh no nes. 
ain anh aif - 
imatatisfraner tots * Co ay 































wrne 4 
yrs 
. 





cy Ua hg Wrst ih we 
Peed saraer dea tee igiat bau syqann 

4) we fae ay 
Cena stn 












ohh dactd th escent yok 






‘ ay Wy ae 


4 
ath Mak TN AHEM ool aM Ard hie dais rip y f 
We ivtanseewem uri it ed Ahi oe eines Peni fe 
SPcattN rier ‘iit KY ogee ia iy Must pei aa si Saat ho 
Meer hr i Pi 
wah ett “ He Wah +s br iniacsstetatie “at geeks oe 
Pivisewaben 









4th dtl 









Pal albs ste Siedideyd Ts 
H Th ed etsed Ook ded cl i 
abt ruin Bernie 

oy Sod Me 
Cat os 





aig’ 












” 
A ed i i 
se bh at 









































































Lote th th ote AY aay, pana it tr) Luated seabiog 
ed acih ri * 4 Ms ve ca 
vite 4 one vey Hi ive Uy ne ity cy anton " i Nba vg ‘ Lees i i patie ty aes si oy aaa nee utes oy raat f ag me ‘ 
sult Y asdeaate Fue a Ue eciith 0 A finan rt noe tate) 4 hie Hy ih Hot ah eed “pla eat re att eae ate m3 ekg ey 
shy vd) sy ‘ i A : sh Uae oe terval eae as set i itty iene Soa sha me es Fd We tie shih wheres cha Soa at ie 
toe hie i ‘ ff c ; we Ne Hy < 
f ‘ “i is F iat batt bisa the. “ . anes yar Sint ey its yi hs vais sists earings veoh o om iy spit ere nos Sard 










Le A 
Faas ai 
tat aa th poe 
hy rh 


au 





ada aa 
ee Me 
* 


Let Ay ye a it i 
ny ni eh mi gangs H inane 
1h tt Nt Neb tay a 


i 
at fev nae Nh “ 


ny a twat Ht Howie y Lagat out 
Hii oii hain Pa teria mil ee it ae a a 
va ital iy Sat ak f satus an i Cras y ie 
saa id cay M)r4 iN, ie ia een a at Denar Pik lie ietsiaaaas 














ah saith 

Cera) 

naan Wa sedan 
MN 






ee 















































































































































i st . 













niet 
MEL Cae cette 
aie eas J aaah hn Yvan i i a * itl ha iar aad Hats o DN raid Ma eae oa ie 
es ‘tae Aint Pits * ia on ened Hovey miei ‘rt sugared eee nea Wein wat ob ont ques Hib oot heehee AB whe 
i ca ins 04 i Wl Withde sie ta th Ay) nh SN oa nit Re ee 81830 " if nr a ae ets 
Mya ithen ey ony nitauaiaent cornea hae PA sues i: perc Ke apelin Sita atv A Tete Patan "enn ay iba itd teh vs Ha ee 
hia dah ie i u) ies wy ian eis ogee tial At a ce a iy it ve ‘ni hy Di oh ints ayo y atid pis i + ant 
i ) pil y rasey Magee Pei 4 i Ks Hs} ma ae ie Why My heh 4 Ma iti Lei ori aay i fat ib i) ite setae of rte tha Medal nny ‘ AN 1} sig 
4; Sate ii? SO vi pret nip) Ms a Ff) sid it vie ei wi i Ste Byiiiy ts pera Crtsta wis Aaa ee wee aa a, sti vail: 
« fait j ae tain pt 45 gaa of 3 he TL) rea oA re ita soe ain ani i eee Sacks wie ee see a jas a } iis Ft sie 
0 eats 1) hi aang jt i wi keh 1 ae ern au sisi cast: ra Mey ts ee ied CL sate ait vigse 44 a isthe gy Ceca Ve iis nis visual hat if 
au We ‘ ay ey ys air aba eD key 94.0 a ai ieitets “ier sit MME! ihe “athe ai asi ft wis ph anata ie pene i eet 
DEMME eA rite laa ‘ tei ut eu yang jake realyeahiiahy sete siaititoul Hi wae Baie i aetat Sein reiani a ite ihe ai bat oi 
Wye ds Cts Hey ‘s 8) Waneacate heen hit Ree i) RU of witige NM rat tat ay it bath EP nae ttt ratty fa aig seuss aineaiareate in ‘ ; ‘ i nee ree 
BAL a CNeebsibrd sb yibecge Ries Wit iis Ha 


iad Nati Tea 






™ by Hott tae ay ia eee 
eit 































Ht 
nratitinea tas ncodntaota ie inne AU Ben oh 
PRUE TAAL tebe titly i “i ra 
pina a Wilda hs aH cae ley = pat) ne 







































a: qa. - i 
FY ac Ti ; adil witha rai nee age me HUAN 
WWestagheae tut sail c ry id adl ahem went edo a Ms te a fy a meinilt Waih Sa ft; 3 oh a fi my faite “tt Wy Higienanaae anit tn ur or y ih 18% eat iat ti iM 

‘2 chy at aes it? ; ; Danni a ia i ate PEN ys Aa pete i beth iis ee care entt Hr ae stmt itn anes ant pe wa ast he pres 

es had asa i z ak 4 if : : ea ihe saya nD 
i mei a4 8 wes ei My ny en Aaa iar ural iia ‘jam a Uo : i hip Pie HM ii usa Se ef i sa nas ined RE i oh coatie om iat “AvAt) oH 
AHA ab eH in ae dad ty iva ber} ir ci “abe G, tit ih Hi oli ofl Hertha ot i Hk fh " ; ith Ws bh Pied He ithe Hai) cutianc hat sie 3e0 the Car 
i ph ie ah ata debt 4 iat lata tay a (ig RAIN ih Ni ht pod ry) f wan gata ne sight ai ed Aa sr ahaha Bane 
Dares brn Hy uit Hy A ated aa i “i ‘ ail RR eit ais, saad Bai i Hh : mi Mt iia si aaaat Wasi a aut saint Aiba aa beaded We ie ie sis si 

i i ih, i iat sie pie fit va "i it EN Te Wr WY 9 cin ihe ay a et yaa oa ag hs cage tee ph 

oN in rap! rer yt 

















ris ny ice Hinde \i 
vide wil ih His: hiya 





a ihaeate nity! dai on sities Cute 
ae af fe ia Rouen nea ttt iat Ban sit ae ae 


vei \ it 4 aie 
ae 2 


SPO 
iil 


f 
ah ‘i 












it ee 
: Suet Bs Mt 

















Ht 
seta aie 





















































Caer aNta ite 
bias Wi i ae a ahh ti fut send ie arte sii 
Leen birindsasiats Avisos ih edb i 
; ; ea rection Pare CM CHC ra Te rs ieee ig i ais Be se is vit i 2 fie cae ca 
a ie te a ; ea aol eas gaia Da Bt ALi wana Sant ie i ia Hi Koanies eg iy sees a my is ee ea 
tf it AeA ii iis HW A fee “it 
and \4 Aaveu) Lie) ere i} if 
a strive EPRI ok 4 

















i ( 7 Uti) i i AOA Sa Ana 
et i i ii H Tobnateadsibalt a4 ti 
os ee sia a i a 
ee eter = naan i mien is 
Ore a ENTS Ta ile Hiei fe . 

ii fils see ut ao SB 


tsi vid it ait az ‘ 
fle i it ote ae Be 
CaN 


a t bites at 
i nti Has neheatt 
a RTI Mer aay 
Hi sbetiet ne aati ai 








ae 
sag iy sani 
mrane 

























“ mye’ U) 
HDi 
tel de 


ues) 
ini ie i tht isa 
sae reaieaea 


We th west et aH ints i 
fig Wi Bie Daas caren ie ry 
f aut Ait 














































” wi Stl start 
aa an a ae aiid al if 
4 ay " Chee) alt 0 jited oH ibe tb eine Ch 4 if 
ral owes i shi 4 i ais “i 7 inats ae An oe it ny res 
td i ili cP i sai ide 4 i eh wil aus i ‘Wil dae ORAS ye Pa i i MUR roa afi sis i ra uy i ah ih Pies oe iit siti I H ae ae 
44, if mh date Ia ie * : ae oe vid 4 ia or ' fl (eye ii, 5 Batt wha AV steak” é HN Hs ae Ha His u oy me crea oe Oy aa on) A nay ice 
; ii y Mi) sit hit iM y ‘ ‘i oti a au wy ie Be wien Hf ; iii Tse yi 


ROR DEN 
















if f} i i i tie ie 
wat ini RA POWviN Hina iis Heit ety aay vi ty 
se 0" ane Ric oF sii cil oe a ve He a ae 
if i Heats) ii i ie AEE kit ww) iF ae i uf i ah 
feats ni abe Sopa see 






im it Ay aca, 
BSCE CRC UAC eT A HAD 4 


sa ie ita ply 
Hatt i) cu wi citi ou 
Nt Wok i 












uae ra 
nt ie) 
“abet ohne 

i oe a 














Ma! 
Ma \! if et 
ty pein ama aaltatgith pte sai 
aha oH Roy "5 Ofte 
i ae finite Hee ia, vane rae 
Pu uenn aaNet cl 





3 Bh 


ii iat 
pale 


re oa eanUn 
ight Bue ie ae i ao ‘ih 


a 
Gh itty oupleH te) 
o rt i ite 






































at sil 
jerome 
igh 

ila oe 


















it 
Wiad iast 


AORN RR shes 


iasuiaennin ss 
mi it a ie i ete Cat ra ty 
ee Balai wih 
: eae i 


ints 
























ayigiesahad 
i nyo nein) Wy iy hat 1 ee iW iy 
t i aerate Daa re ae fi Hanae i Ee POO, sen 
He Bo ie Hi re it ada o ila ai Sra sian Ai ty a ‘i 
eta atid Ht e ie ie ‘ ve a sia aida an 


alt wat 4 
Ne a 
. u ae 


a He P 
ee 
oe i 






ee Mihi 




















hay 
PNR ROUA I 





eh eee oe 






























AAG 


its 


) H 1 TWO eu} HA, Hf si tats a oP 
: i Ga 7 i Ee “4 mine Soi at At a) tay Rr Nea i SS oe 
baa 


ie aia ies se ah soo 
ae ane st oe day 


















Hit 
iy 
LH i ae ‘i a 
Hayy 






SeEt 
Sere 

oo Seas 
foe 






ih phi 4 it, 
“ a ie ibe 
cit a Ripa ae a ne pie ie : 8 
nian eae midis nae eu Fala ae 


Cnet ade Bera he if 
i oo ‘ pit ite 













+H 
i iii cM ry 





Wall " rf i} 




















































a ratty Wea 
a el an if 












iy bia pitetaiaasiatal it) at ‘i 
a) if seta. ‘ oN ta M4 ‘i viel a aa ii ist a aptly poe y ie i; i ng] oH ues f ‘ ar ae ih ae thi Nt nit i) 
‘ VE MPL ISK a ay RUD sayin ON UR aN aia nim sori ba ‘i ii 
Ais it it eN a nay) a Sy DONNA rent ty ‘aia ur aie " Hah ni mi 4 in sein 
ty EW) jae ‘aa, ) as aN Aa , et aon a yah He ue ait 
day m is, Vs it eam it i ie iH Lid 


ana 









Awea 

NDR EO) 
ite! Dab A SAN ed te ai 
tgnts aden ty 

aed ew ot 


hy ae a 




















‘hs WP rey) arte at *) 
eat aaa ie iat 
eee 1 nal an ite ‘ ‘at i i She tala eA vid Ly Ptt 
Ve en Laity ac’ Da ee 
ie A aie Aaya 
iy " aa adhd 


NAW 
on Db 
Wael ' “ 
eB ot ait 


1 , +4 
ae tl e “MYR "aan 
alts! ane! 

run rit | va 


aide sy 
eee ny a ty 
ate 
































bet 


a 
lat 


ae ie fits isn 








sath ae 


Wh 
\ ‘! 
4 













































































i 
1 en SHIRE i cn Nat cai MV at Hh 
nay titcaatatieuaiea F ately en iW Geshe a ant ite) ‘estan a a ee i cent ea na 3 Hii 
‘cat it haa RPRSY iar ioe katy ured a tra ay ri ma eaadta al ‘intl int fii i ee ay aan nt ei - au i ait 
t t* SUV E RIAN hy false a ARR ! Ri Fi fa a ut de il Mii It Hy Wy nw Bing ad rin 
yaaa renin) , Pada ea iinet Hg thal 0 Phat ee 
FOU 












sii att 
ei sea fh ath 
eal 1 
‘tetyiit 




























ea ia 
A Cu 

it REO 
Sas i UN hi 

RY Ny 


raat ht 
Hh Hi fi i 
is ae fate 


ae ats i 





At 
+ 
Lb 


i 
i 







ae . ‘ 


li da ny i it 











1 a 
mat ah DenRA 
a; DS 








a wan 
0h os ont tH 








ery 
yi dge ati : taka 
22s del Roo a 
" oH Thai 

























; 

Hat 

Woy Hiya gal 

i tilntart nis tasaana aah 
a vt ha 










rf VA 
uu a8 oe 
"i 


Pe ei 
es ie 
























a “i ot 
Mahon geen “y 


TU Bi) 

a dete 

t EH Ha 
UA ee Pa 


ae ee 
Hae edit ae dd 
a eed 1 
















OLE! rns annaeiey 
ra adsihe HR 


i 
in tony th: 








MO Tete bt te 
DONA dat 


fi Van : 
if vet oA tively 
jit vi Macaasaeh ee aye ey 



















































Niedeal zt ay Mf els fae if) aaa 
(ho 4 aya As Pte he aba a f} iy AIK t i) we Asan 
iF ea FH on Wak ihe ye 1 ie ita 
nn Taide 
tana ata alate iat) 
* Fy eter eraat ia a Ne : 
ane Ove wa pains el Rana he WY ‘| ea 
HVS a Hi ne vied aa, Ue w etal ih Mbt: \ Me 
Ay wt Wy i; ! ai) Mia HARI vine By taatag Ee 





site w 
ean i 















tH 
ea) nt 
an ‘ini i) ‘i ee Nene 
HiiNae 
3 fi 


iy 
We egeih 















aie 2 uae i is i 


+ oi i Ta) 
ae aay 
MSatncnaat 


ie 














nein 















“Weide det Mn Sit i 
Sia $ My a Pn Wey 
it itn UM a soe taal ae MAE SS ate Pa) 


PORE OHH 










an ron Miticat: Rack } eee * 

ia Lifted awe es on hd 

a age oh satin Rees 
. Mi 









et ih 
aan aad 
ide cate 





















































aati attach as avn DON 
Ties on 4 aly aes or BA Fs sah add 
Ja alga ahaa a rcaaae 9 wea On a ta fy Po) i ED ait ea h ded 
ay 4 dys fh As @ y it it i AN AE, yf i! Rake the rie nt rd paths ite a 
vn bade NY dee ne Shaw Wan day vat HAHA 
By Hd asst 4g wy dary ted Shor 


















Sddet od at 





(4 rt 

bapa faiia Corn Bue ‘sy, ahs 

MANNS SOF Vek ae 

meat Saat ods “bein ia ina e Vitis! 
eet ae ~ 

abd 










tA ed NY et da 







; yaad aot ae 
’ f C n i 
Sens f iy : } ) c * ae ee ne re MC ee Heat tan eat Lb ita as 
aD haa i ithe! Hinata she it Aa ) F stead ali nt: NG 1a 1a: 
TO ee hes ea xii f PAY wee ‘ ” "ihe I PR 
ui bhy * , 











y 
dg a aN ide a alge 4g 
veer nes ; 





ba 3 R , 
i sSatncabarnts yer untawes ae a) Buna 
A var an RM BR ane Oe 
ROC MAC ae 0 Do APR EDT Gade 
” a . wele mn Att 





Here tata ara ache ote ae hee 








VOL. 30,NO. 10 


Pub 


A JOURNAL 








PUBLISHED 
[BIMONTHLY BY THE 
BUREAU OF 

(PUBLIC ROADS, 

U.S. DEPARTMENT 
(OF COMMERCE, 
WASHINGTON 











OCTOBER 1959 


lie Roads 


OF HIGHWAY RESEARCH 





Partially completed Peoria (Ill.) Expressway. This interstate improvement provides a much 
needed north-south artery and bridge over the Illinois River joining Peoria with East Peoria. 


IN THIS ISSUE 


The Use of Backwater in the Design of Bridge 


Waterways 
Assigning Traffic to a Highway Network 
Vehicle Acceptance Rates of Parking Areas 


New Publication: Catalog of Highway Bridge 


Planseieec: os ee. 


Traffic Signals and Accidents in Michigan . . 


Two Simple Techniques for Determining the 


Significance of Accident-Reducing Measures . 


Estimated Travel by Motor Vehicles in the 


UnitedsStates,2L90 Gene 


U.S. DEPARTMENT OF COMMERCE 
FREDERICK H. MUELLER, Secretary 


BUREAU OF PUBLIC ROADS 


BERTRAM D. TALLAMY, Administrator 
ELLIS L. ARMSTRONG, Commissioner 


233 
234 


238 


240 


A JOURNAL OF HIGHWAY RESEARCH 


Public Roads 


Published Bimonthly 
Vol. 30, No. 10 October 1959 
C. M. Billingsley, Editor 








BUREAU OF PUBLIC ROADS 


Washington 25, D.C. 


REGIONAL OFFICES 


No. 1. Delaware and Hudson Bldag., Albany 1, N.Y. 

Connecticut, Maine, Massachusetts, New Hamp- 

shire, New Jersey, New York, Rhode Island, 
and Vermont. 


No. 2. 707 Harles Bldg., Hagerstown, Md. 
Delaware, District of Columbia, Maryland,. Ohio, 
Pennsylvania, Virginia, and West Virginia. 
No. 3. 50 Seventh St. NE., Atlanta 23, Ga. 
Alabama, Florida, Georgia, Mississippi, North 
Carolina, South Carolina, Tennessee, and Puerto 
Rico. 


No. 4. South Chicago Post Office, Chicago 17, Ill. 
Illinois, Indiana, Kentucky, Michigan, and Wis- 
CONSIN. 
No. 5. 4900 Oak, Kansas City 12, Mo. 
Iowa, Kansas, Minnesota, Missourt, Nebraska, 
North Dakota, and South Dakota. 
No. 6. Post Office Box 12037, Ridglea Station, | 
Fort Worth 16, Tex. la 
Arkansas, Louisiana, Oklahoma, and Texas. j 
No. 7. New Mint Bldg., San Francisco 3, Calif. 
Arizona, California, Nevada, and Hawaii. 
No. 8. 740 Morgan Bldg., Portland 8, Oreg. 
Idaho, Montana, Oregon, and Washington. 
No. 9. Denver Federal Center, Bldg. 40, Denver 2) 1 
Colo. ; 
Colorado, New Mexico, Utah, and Wyoming. 


No. 10. Post Office Box 1961, Juneau, Alaska. 
Alaska. 


No. 15. 1440 Columbia Pike, Arlington, Va. } 
Eastern National Forests and Parks. 








PuBLic Roaps is sold by the Superintendent of Documents, Govern j 
ment Printing Office, Washington 25, D.C., at $1 per year (50 cents||)! 
additional for foreign mailing) or 20 cents per single copy. Subscrip |)’ 
tions are available for 1-, 2-, or 3-year periods. Free distribution is), 
limited to public officials actually engaged in planning or constructing) 
highways, and to instructors of highway engineering. There are n¢ 
vacancies in the free list at present. 


Use of funds for printing this publication has been approved by thd) 
Director of the Bureau of the Budget, March 28, 1958, 


Contents of this publication may be re- 
printed. Mention of source is requested. 
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Design of Bridge Waterways 
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field measurements. 


N 1954, a cooperative research project 
aimed at improving bridge waterway de- 

sign methods was initiated by the Bureau of 
Public Roads at Colorado State University at 
Fort Collins. To date, the investigations have 
centered on the determination of backwater 
produced by bridges (1, 2),* scour at bridge 
abutments, scour around piers, and methods 
for alleviating such scour. Two research 
projects at the University of Iowa, sponsored 
by the Iowa State Highway Commission and 
the Bureau of Public Roads, have also con- 
tributed needed information on scour at 
bridge piers (3) and scour at _ bridge 
abutments (4). 

Bridge waterway problems are diversified 
and complex, which account to some extent 
for the limited progress made in the past in 
understanding and resolving this phase of de- 
sign. Because of the many variables involved, 
hydraulic models were used to serve as the 
principal research tool in all the work men- 
tioned in the previous paragraph. It is pos- 
sible with models to hold a certain number of 
variables constant while investigating the 
effect of others; then by systematically ro- 
tating the combination of variables in the test 
program, holding some constant and allowing 
others to vary, it is possible to isolate the 
part that certain principal variables play in 
the final result. In addition to aiding in a 
better understanding of the theory and me- 
chanics involved, the models are indispen- 
sable since experimental coefficients are re- 


1Ttalic numbers in parentheses refer to the refer- 
ences on p. 231. 
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BY THE DIVISION OF HYDRAULIC RESEARCH 


No generally accepted method has existed for the design of bridge waterways. 
The determination of the length of a bridge over a stream has been left to the 
bridge engineer’s personal observation and experience. 
small number of bridge failures to the total number of bridges throughout the 
country attests to the commendable job bridge designers have performed with 
the limited design tools available. But, what proportion of these existing bridges 
are underdesigned or overdesigned from a standpoint of length and clearance? 

ith many new bridges scheduled to be constructed under the accelerated 
highway program, this question deserves serious contemplation as to safety 
and economy. Given sufficient time, underdesigned bridges usually speak for 
themselves. In the case of overdesign, no reliable standards exist at the present 
time by which these structures can be judged impartially. 

Since the subject of bridge waterways is too extensive even for a condensed 
treatment, the context of this article is confined to a discussion of only one 
phase of the problem, bridge backwater. It contains a brief account of the prob- 
lem, the research results, the design information derived therefrom, and the 
application of bridge backwater to waterway design. 
based on both experimental backwater studies using hydraulic models and 


A comparison of the 


The data presented are 


quired which can be obtained in no other 
way. 


Experimental Backwater Studies 


A. comprehensive record of the experi- 
mental data, test procedures, and analysis of 
results on bridge backwater studies appears in 
a report issued by Colorado State University 
(1). For those interested only in the design 
application, a booklet entitled Computation of 
Backwater Caused by Bridges (2) is recom- 
mended. This booklet contains design charts, 
an explanation of design procedures, and five 
practical examples. Since the above informa- 
tion is available, it will be necessary to draw 
from it only sufficiently to understand the 
contents of this article. 

The manner in which flow is contracted in 
passing through a channel constricted by 
bridge embankments is illustrated in figure 1. 
The flow bounded by each pair of streamlines 
represents 1,000 ¢e.f.s. It will be noted that 
channel constriction appears to produce very 
little alteration in the shape of the stream- 
lines near the center of the channel, while 
a marked change is evident near the abut- 
ments where flow from the flood plains enters 
the constriction. As the discontinuity is 
greatest in this region, it is apparent that 
areas adjacent to the abutments can be most 
vulnerable to attack by scour during floods. 
Upon leaving the constriction, the flow, which 
is concentrated in the central portion of the 
channel, expands at an angle of 5 to 7 degrees 
on a side until normal conditions are re- 
established downstream which may involve a 
considerable reach of the river. 


Reported by JOSEPH N. BRADLEY, 
Hydraulic Research Engineer 


Constricting the flow of a stream, of course, 
produces a loss of energy, the greater portion 
of this oceurring in the reexpansion process 
downstream from the constriction. This loss 
of energy is reflected in a rise in both the 
water surface and the energy gradient up- 
stream from the bridge as demonstrated by 
a profile of this same crossing taken along 
the centerline of the stream (fig. 2). The 
normal stage, or water surface existing for 
a given flood prior to construction of the 
bridge, is represented by a straight broken 
line. The water surface for the same flood, 
with constricting bridge embankments, is de 
noted by the solid line labeled water surface 
on centerline (W.S. on @). The water 
surface is above normal stage at section 1, 
passes through normal stage in the vicinity 
of section 2, reaches minimum depth near 
section 8, and returns to normal stage a 
considerable distance downstream at section 
4, where the original regime of the river has 
not been disturbed. The energy at section 
4 is thus the same with or without the bridge. 
The energy at section 1, on the other hand, 
must increase to provide head to overcome the 
loss introduced by the constriction. The 
major portion of this energy increase is re- 
flected in the backwater, which is the vertical 
rise in water surface at section 1 (denoted 
by the symbol A* in fig. 2). 

Note that the drop in water surface meas- 
ured across the roadway embankment is not 
the backwater as is so often presupposed to 
be the case. The water surface as indicated 
in the central part of the channel at section 
3, which is essentially the water surface along 
the downstream side of the embankments, is 
invariably lower than normal stage, so the 
difference in level across the embankments, 
Ah, is always larger than the backwater h*. 

It was found that the backwater to he ex- 
pected at a bridge for a given discharge is 
dependent on a number of factors. The more 
prominent of these are: (1) the degree of 
constriction of the channel; (2) the number, 
size, shape, and orientation of piers in the 
constriction; (3) eccentricity of the bridge 
with the low-water channel or flood plain; 
(4) the angle or skew of the bridge with 
the stream; (5) the type and slope of bridge 
abutments (important only for the shorter 
bridges) ; (6) the amount of scour experi- 
enced in the constriction; and (7) the type 
of crossing; i.e., whether a single bridge or 
two or more parallel bridges on a divided 
highway. Contrary to expectations, the 
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width of the abutment or roadway fill had no 
significant effect on the backwater. 

Without a reliable stage-discharge curve 
for the bridge site, a backwater study can 
have but limited value. Also, a knowledge 
of the flood frequency and magnitude is re- 
quired in order to determine the design dis- 
charge for a bridge and the necessary 
clearance (2). 

In spite of the number of principal vari- 
ables just enumerated, the backwater expres- 
sion and the procedure for computing back- 
water, as developed from the experimental 
‘studies, are very realistic. A person with 
some training in hydraulics should have no 
particular difficulty in mastering this phase 
‘of waterway design. 

An abbreviated form of the expression for 
computing bridge backwater follows: 


V nv 
2g 








hi — hes + ( — Equation (1) 


In this expression, K*, which consists of a 
eombination of experimental backwater co- 
efficients, is multiplied by a velocity head. 
The overall coefficient AK* varies with the 
seven geometric factors previously men- 
tioned, while the velocity is computed with re- 
spect to the average water cross section under 
the bridge relative to normal stage. The re- 
mainder of the expression, which has been 
omitted for the sake of simplicity, consists of 
the change in kinetic energy between sections 
1 and 4 (fig. 2) produced by alteration of the 
stream by the bridge. In many, but not all, 
of the cases this factor represents a small 
portion of the total backwater. Guides are 
provided whereby the importance of this fac- 
tor can be readily recognized and omitted 
from the computations where permissible (2). 

To present a general idea of the manner in 
which the expression for computing bridge 
backwater (equation 1) operates, the back- 
water coefficient for a Symmetrical normal 
stream crossing, having wingwall abutments 
without piers or other complicating features, 
may be obtained directly from figure 8. The 
coefficient K, (base curve value) varies with 
the degree of constriction of the channel M 
and the type of abutment. The parameter M 
is the ratio of the quantity of flow which can 
pass through the constriction unimpeded to 
the total discharge of the river. For no con- 
striction of the stream, M=1 and the coeffi- 
cient is zero. As the degree of constriction 
increases, M becomes less than unity and the 
coefficient K, increases in value. To illus- 
trate, the contraction ratio for the condition 
shown in figure 1 would be M=8,400/14,000= 
0.60. If piers, eccentricity, or skew are in- 
volved, the effect of these factors is accounted 
for by adding incremental coefficients to the 
value obtained from the base curve which re- 
sults in an overall coefficient 


K* = Ky (base) sie AK p (piers) 
+ AK é (eceentricity) =f AK, (skew) * 


The values of the incremental coefficients 
for the effect of piers, eccentricity, and skew 
are obtained from charts prepared for that 
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purpose. A detailed description of the pro- 
cedure and the charts can be found in 
reference (2). 


Reliability of Model Results 


Since hydraulic models of bridges have defi- 
nite limitations, it was imperative that some 
means be devised to verify or disprove the 
validity of the experimental information. 
This was accomplished by applying the com- 
putational procedure, developed from the 
model studies, to existing bridges for which 
the U.S. Geological Survey had furnished 
field measurements obtained during floods. 
Reliable measurements on bridge backwater 
are extremely difficult to make in the field, 
but the drop in water surface across embank- 
ments, Ah, is readily measurable (fig. 2). 
Model results showed a very definite relation 
existing between the drop in water surface 
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Figure 1.—Flow lines of typical normal crossing. 





across the embankments, Ah, and the back- 
water, h*:, so model computations and pro- | x 
totype measurements are compared on the | \ 
basis of Ah. 

A comparison of measured and computed 
values for several bridges varying from 20 to 
840 feet in length is presented in table 1. 
Columns 2 through 6 give the bridge length, 
flood discharge, average velocity under the 
bridge, the contraction ratio, and the com- 
puted backwater, respectively. The com- 
puted and measured values of Af are shown 
in columns 7 and 8, while the percentage dif- 
ference in each case is shown in column 9. 
The differences range from —8.5 to +13 per- 
cent, the deviation being positive in six in- 
stances and negative for six with an average 
deviation of +2 percent. The deviation in the 
majority of the cases is well within the error 
of field measurement. The experimental er- 
ror of the model experiments is estimated as 
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comparable to the average deviation. Thus, 
the comparison affords a satisfactory veri- 
fication. 
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‘Application of Backwater to Design 


Now that it is possible to compute bridge 
backwater with a fair degree of confidence, 
to what practical purpose can this informa- 
tion be used in design? 
1. It makes it possible to proportion bridges 

operate during floodflows at a limited spec- 
ified backwater. 
2. It offers a fair means of settling claims 
| involved in backwater damage suits insti- 
gated by upstream property owners. 
8. It makes it possible to understand and 
compute the hydraulics involved in cases 
where approach roadways can be overtopped 
during infrequent floods. 
f 4. It provides a large share of the neces- 
sary hydraulic information for a proposed 
economic analysis to determine the optimum 
design discharge and the most economical 
length of bridge. 

In the case of item 2, no acceptable method 
has existed for computing backwater pro- 
duced by bridges. Backwater based on field 
measurements made by the novice was also 
justifiably questionable. Thus, damage suits 
of this nature have resulted in indefinite de- 
bys or settlements have been made on con- 
iderations other than fact. The attainment 
of a sound method of procedure for determin- 
ing the optimum design discharge and the 
most economical length of bridge (item 4) 
| constitutes the ultimate goal in the present 
research program. 


A pplication of Backwater to Length 
of Skew Crossing 


A practical application to which the bridge 


t the length and cost of skew bridges with the 
length and cost of equivalent normal cross- 
ings, on the basis of backwater. The pro- 
- cedure consists of choosing an existing normal 
stream crossing and computing the backwater 
which the bridge will produce for a given 
flood condition; then, holding stream condi- 
tions constant, compute the length of equiva- 
lent skew bridges which have the same 
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Figure 2.—Profile on centerline of stream. 


effective waterway; i.e., produce the same 
backwater. This course of computation was 
followed for seven existing crossings and the 


° 


90 
VERTICAL WALL 





results are shown in table 2. The normal 
length of these bridges varied from 75 to 
2,000 feet and included both wingwall and 
spillthrough type abutments. The faces of 
the abutments under the bridge were oriented 
parallel with the flow, as shown in figure 4. 
This is the most efficient skew abutment 
shape. Abutments with faces at an angle to 
the flow require more length of bridge. 

The ordinate in figure 4 is the ratio of skew 
length to normal length of crossing in per- 
cent, which is plotted with respect to the skew 
angle as abscissa and the contraction ratio 
M as a third variable. In the case of =1.0 
(no constriction of the stream), the skew 
length is simply L:/cos g. With constriction 
of the stream, the ratio Ls/In decreases with 
the value of M. 

What is occurring can be better understood 
by referring to figure 5. The ordinate is the 
ratio of the projected skew length to the 
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Figure 3.—Backwater coefficient ky for wingwall abutments (base curve). 


Table 1.—Comparison of computed Ah values with field measurements 
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Table 2.—Comparison of length and cost of skew bridges with normal crossings 
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normal length while the other two parameters 
remain unchanged. For M=1.0 (no constric- 
tion), the ordinate is 1.0 for all angles of 
skew. With constriction of the stream, the 
projected skew length, required to produce 
the same amount of backwater, is shorter 
than the normal bridge length. This char- 
acteristic is to be expected, but the actual 
relationship has been until now entirely a 
matter of conjecture. The curves in figures 
4 and 5 offer actual values which may prove 
useful in design. 

A plot relating the cost ratio in percentage 
of skew to normal crossings for the same 
bridges is presented in figure 6. Again the 
parameters are the same except for the ordi- 
nate. The consistency is not of the same 
order found in the length curves since it was 
necessary to adjust span lengths and provide 
additional piers for the skew bridges. Also, 
the higher unit cost of skew construction and 
the increased length of embankments were 
considered. The cost was affected to a 
greater extent than the length by these fac- 
tors. The criterion for determining span 
lengths for the skew crossings consisted of 
balancing the cost of superstructure against 
the cost of piers on an equal basis. The 
increase in cost of superstructures per square 
foot was assumed to be 5 percent for the 30° 
skew and 10 percent for the 45° skew. 

For the purpose of comparison, the length 
varies from 107 to 115.5 percent of normal 
for the 30° skew, while the cost variation 
for the same range of contraction ratios is 
from 110 to 127 percent. In the case of the 
45° skew, the length varies from 120 to 141 
percent of normal compared with a cost varia- 
tion of 180 to 158 percent for the same values 
of M. 

Skew angles from 0° to 20° produce only a 
small increase in both length and cost over 
the normal crossing (figs. 4-6). As the angle 
increases above this value the curves get 
steeper and the length and cost rise more 
rapidly. In this same connection, it was ob- 
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served in the course of the model studies that 
the hydraulic flow problems encountered with 
skew crossings for angles from 0° to 20° 
varied slightly from those for normal cross- 
ings. As the angle exceeds this value, the 
flow and scour problems increase in com- 
plexity. 


Limitation of Backwater and Ac- 
commodation of Superfloods 


Another application in which the backwater 
design information can be used is where ap- 
proach roadways can be depressed to protect 
the bridge during floods of extreme propor- 
tions. Although it is seldom economically 
feasible to construct a bridge sufficiently long 
to accommodate the super type of flood, it is 
possible in many cases to design for a 35- 
or 50-year flood but make provision to pass 
flows of much greater magnitude with little 
or no damage to the bridge proper and, at 
the same time, keep the backwater within 
specified limits. The most effective way to 
present this is by actual illustration. 

The stream at a proposed crossing has a 






































low-water channel about 700 feet across, 
while in flood the stream may be a mile wide. 
Records show that within the past 50 years 
two floods approximating frequencies of 100 
years have occurred on this stream, the last 
one destroying a bridge at the site. This is 
on a State route carrying a moderately heavy 
volume of traffic. A considerable amount of 
residential and business development occupy- 
ing portions of the flood plain has sprung up 
within the last decade. It is therefore im- 
portant from the traffic viewpoint that the 
bridge structure not fail or be out of service 
for an extended length of time during its ex- 
pected: life; and from the standpoint of life 
and property damage, it is desirable that the 
bridge backwater be limited to a definite 
figure for all flows. For the purpose of illus- 
tration the bridge is reconstructed to satisfy 
the above requirements and limit the back: 
water to 0.5 foot for any discharge likely te 
occur during the life of the bridge. 

There is a choice here of designing a long 
bridge to take the full flow of the river for a 
100-year frequency flood, keeping the embank. 
ments above high water at all times, or the 
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Figure 4.—Length ratio of skew to normal crossings for equivalent 
backwater. 
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Figure 5.—Ratio of projected skew length to normal bridge length for 
equivalent backwater. 
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alternative of choosing a shorter bridge and 
using the one-half to three-fourth mile of 
‘roadway transversing the flood plain as a 
spillway during extreme high water. In 
either case the superstructure will be located 
above extreme high water at all times. 
The case where the embankments are lo- 
_ cated above high water and the bridge is re- 
quired to accommodate the entire flow will be 
investigated first. Figure 7 shows the back- 
water relative to length of bridge and dis- 
charge for this type of operation. In addi- 
tion, scales have been superimposed showing 
‘flow recurrence interval at the top and 
| bridge cost at the right. Were there no re- 
striction on backwater, a bridge 1,500 feet 
long, producing 1.5 feet of backwater, might 
be a reasonable choice. But with backwater 
limited to 0.5 foot, it is observed that the 
bridge should be 2,250 feet long for a 50-year 
flood, or 2,600 feet long for a 100-year flood. 
ie the scale on the right, the cost involved 
in reducing the backwater from 1.5 feet to 0.5 
foot approximates $400,000 for the 100-year 
flood or 158 percent of the cost of the former. 
This comparison demonstrates how limitation 
of backwater can increase the initial cost. 
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Figure 6.—Cost ratio of skew to normal crossings for equivalent 
backwater. 


How can limitation of backwater be ac- 
complished with less cost? Let us now ex- 
amine the alternative, the depressed roadway. 
Figure 8 demonstrates a very extreme case; 
the bridge has been shortened to 800 feet 
with approximately 3,500 feet of depressed 
roadway. The lower broken line, labeled 
‘normal stage,’ represents the stage-dis- 
charge curve for the river prior to construc- 


tion of the bridge. The upper broken line, 
labeled ‘‘stage without overflow,” represents 
the stage discharge to be expected upstream 
from the 800-foot bridge without overflow. 
The difference between the two curves repre- 
sents the backwater. For a discharge of 250,- 
000 c.f.s. (50-year flood) the backwater is 2.5 
feet, and for 300,000 c.f.s. (100-year frequency 
flood) the backwater approximates 4 feet. 
The limitation of 0.5 foot for backwater is 
reached at a discharge of 121,000 cf.s. If 
the approach embankment is placed at eleva- 
tion 87.5 so water will spill over the roadway 
for flows greater than 121,000 ¢.f.s., the back- 
water will decrease with further increase in 
discharge, falling off to about 0.1 foot for a 
discharge of 300,000 cf.s. The backwater 
with overflow is represented by the difference 
between the lines labeled “normal stage” and 
“stage with overflow.” As the roadway over- 
flows, the discharge under the bridge in- 
creases Slowly with upstream stage, while the 
roadway flow increases rapidly with stage. 
At stage 98.8 these lines intersect and the 
roadway is carrying aS much flow as the 
bridge. 

As the roadway is elevated, the backwater 
and flow characteristics remain similar to 
those shown in figure 8 but the bridge length 
must be increased if the backwater is to be 
limited to 0.5 foot for upstream stage level 
with the new roadway. Figure 9 demon- 
strates how the backwater varies with road- 
way elevation and length of bridge. The 
dashed lines denote the backwater which 
could be expected for several bridge lengths 
if flow over the road were not permitted. 
The solid lines demonstrate how flow over 
the roadway restricts the backwater to a 
maximum of 0.5 foot regardless of the 
discharge. 

The depressed roadway not only serves to 
hold the backwater within limits but offers 
a means of accommodating the superflood 
without undue overloading of the bridge 
proper. It is true that the higher the ap- 
proaches and the shorter the length of em- 
bankment, the longer the bridge must be for 
a given amount of backwater; nevertheless 
it is usually possible to set embankments for 
the 50-year flood stage and still retain this 
desirable safety valve feature. 
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Figure 8.—Operation with depressed roadway and 800-foot bridge with backwater limited to 0.5 foot. 
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Assigning Traffic to a Highway Network 


BY THE DIVISION OF HIGHWAY PLANNING 


BUREAU OF PUBLIC ROADS 


The construction of a highway network 
to serve a large urban area extends over a 
period of many years and involves the ex- 
penditure of several hundred million 
dollars. Before undertaking this long and 
expensive task, highway officials should 
know whether the network will adequately 
and efficiently accommodate future traffic. 

This article describes the use of a high- 
speed computer in assigning estimated 
future traffic to a complete network of 
highways. In the process, traffic volumes 
are recorded on each individual highway 
link as well as the turning movements at 
each intersection. Thus, the engineer can 
investigate a series of alternate locations or 
design standards and measure their effect 
on the entire highway system. 

The assignments can be made rapidly, 
inexpensively, and witha minimum amount 
of manual work. The program is also 
consistent and reproducible from one loca- 
tion to another. At the option of the user, 
provision can be made in the program to 
allow for one-way street operation, turn 
restrictions or delays, and peak hour 
traffic volumes by direction. 


OR many years highway engineers have 

been faced with the problem of estimat- 
ing the volume of traffic that would use a pro- 
posed new facility. In addition, they would 
like to know how well this facility will con- 
tinue to serve traffic in the future. A real- 
istic solution to this problem is not simple. 
All zones in an entire metropolitan area have 
the potential of affecting any highway fa- 
cility. The degree of this effect is governed by 
the location and design standards of the high- 
way system as it now exists or as it may be 
subsequently improved. Thus, individual 
highway improvements can cause a realine- 
ment of traffic throughout the area. 

Much research werk has been done to pro- 
vide a method fsr solving these problems. 
While the future will probably bring added 
refinements and even major changes in con- 
cepts, present knowledge is sufficient to war- 
rant establishing at least an interim proce- 
dure for assigning present and future traffic 
to a network. 

The necessity of handling a mass of infor- 
mation in a relatively simple but coherent 
manner is a characteristic of traffic studies. 
To process these data in a reasonable time, it 
has heretofore usually been necessary to use 
a series of short cuts, approximations, or 
judgment estimates, each exacting its toll in 
deviations from accuracy. It is now possible 
to employ electronic computers to provide a 
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consistent solution, subject only to the limita- 
tion of knowledge of the behavior of traffic. 


Utilization of Computers 


The use of computers does involve the time- 
consuming operation of preparing a program. 
While it is desirable to allow flexibility in the 
program, this is not easily accomplished. 
Thus, to use an existing program, it is neces- 
sary to have access to the machine for which 
the program is written, to furnish input data 
in precisely the correct form, to wiiling'y ac- 
cept the logic that is incorporated in the 
program, and to accept the results in prede- 
termined format. 

The Bureau of Public Roads has written, 
tested, and used an IBM 705 program to pre- 
dict the future distribution of trips.’ The 
input required is the number of existing zone- 
to-zone trips and the growth factor for each 
zone. The program logic follows the Fratar 
formula. The output is the estimated num- 
ber of future zone-to-zone trips. Hither three 
different modes of travel or one mode to three 
differeut future periods can be processed si- 
multaneously. For a city the size of Wash- 
ington, D.C., with 500 zones, about one-half 
hour of IBM 705 time is required for each 
iteration. ‘Two or three iterations are usually 
sufficient, thereby making the computer cost 
of obtaining future zone-to-zone trips some- 
what less than $600 for a city the size of 
Washington. 


Procedures for Assigning Traffic 


With the present and future zone-to-zone 
trips available, the next problem is to estimate 
the loading of these trips on a highway net- 
work. To do this, some method of predicting 
the distribution of traffic between routes is 
required. 

Three types of diversion curves are in cur- 
rent use: the time ratio curve developed by 
the Bureau of Public Roads (fig. 1), the 
distance ratio and speed ratio curve used in 
a Detroit study, and the time and distance 
differential curve used in California. 


Time ratio curve 


The Bureau’s time ratio curve relates the 
percentage of trips using a freeway facility 
based on the ratio of the travel time via the 
freeway to the travel time via the best alter- 
nate route. The percentage of trips using 


1fvaluating trip forecasting methods with an 
electronic computer, by Glenn H. Brokke and Wil- 
liam L. Mertz. PUBLIC ROADS, vol. 380, No. 4, Oct. 
1958, pp. 77-87. 


Reported by GLENN E. BROKKE, Highway 


Research Engineer 
the freeway varies as an S-shaped curve from 
100 percent at a time ratio of 0.5 or less to 
zero percent at a time ratio of 1.5 or more. 
If the travel time via the freeway is equal 
to the travel time via the alternate route 
(time ratio=1.0), approximately 42 percent 
of the trips are assigned to the freeway. 


Speed ratio curve 


The speed ratio curves developed for the 
Detroit area transportation study consist of 
a family of curves where the percentage of 
freeway usage is related to speed and distance 
ratios. ‘These curves are also S-shaped for 
normal conditions ; and with a speed ratio of 
1.0 and a distance ratio of 1.0 approximately 
45 percent of the trips are assigned to the 
freeway. Since these curves represent a 
three-dimensional surface with an undefined 
mathematical relationship, they are difficult 
to use in a computer application. 


Time and distance curve 


The California time and distance curve con- 
sists of a family of hyperbolas; and with 
equal time and distance on the freeway as 
compared with the best alternate route, 50 
percent of the trips are assigned to the free- 
way. These curves can be expressed in the 
equation, : 

P=50+50 (d+%4t) [(d—%t)’?+4.5]-2 
Where: 
P=Percentage of freeway usage. 
d=Distance saved in miles via the free- 
way. 
t=Time saved in minutes via the free- 
way. 


Problems Encountered in Assigning 


Traffic 


The development of an assignment proce- 
dure has two major difficulties: the measure- 
ment of the minimum traveltime between 
each pair of zones over the arterial network 
and then over the entire highway network 
including the contemplated freeways, and the 
accumulation of the assigned volumes on the 
various segments of the highway system. 

The Washington, D.C., Regional Highway 
Planning Committee, having recently com- 
pleted an origin-destination study and having 
predicted the zone-to-zone movements to 1980, 
wished to assign this traffic to a highway 
network using the Bureau’s time-ratio diver- 
sion curve. The effort involved in accom- 
plishing this task for an area the size of 
Washington was clearly beyond the range of 
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Figure 1.—Time-ra 


practicability, unless an electronic computer 
could, be used for a major portion of the work. 
The Bureau of Public Roads offered technical 
assistance. It was soon discovered that no 
suitable program was available which would 
handle the complexities of Washington traffic 
movements. Hence, it became necessary to 
develop a Washington assignment program. 


Development of Minimum Path 
Principle 


At about this time Dr. J. D. Carroll, Jr., 
director of the Chicago Area Transportation 
Study, and his staff discovered a method of 
determining the minimum path through a 
highway network. Also Dr. A. J. Mayer, di- 
rector of the Detroit Area Traffic Study, and 
his staff carried this minimum path principle 
along somewhat different lines toward an 
assignment procedure. Both organizations 
were visited and each was entirely cooperative 
and_responsive in outlining their procedures 
and ideas on the problem. 

Since all diversion curves being considered 
are based on the relationship between the 
traveltime (and distance) on the most favor- 
able freeway route and the traveltime (and 
distance) on the most favorable alternate 
route, the initial problem is to determine 
which of the freeway routes and which of 
the alternate routes are truly the most 
favorable. 

The difficulty of this problem can be ap- 
preciated most easily if a rectangular street 
network is considered. To arrive at a point 
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A QUICKEST ALTERNATE ROUTE ) 


tio diversion curve. 


4 blocks east and 4 blocks south of an origin, 
there are over 40 different routes or paths 
that appear approximately equal to the eye 
as far as traveltime (or distance) is con- 
cerned. However, by accurately adding the 
time (or distance) values on each of the 
segments involved for each route, the route 
with the least overall traveltime can be se- 
lected. This selected route is the minimum 
traveltime route or minimum path. 

It is true and probably apparent that the 
longer the trip, the more alternate routes 
there are available between two points. For 
travel across an entire city, there may be 
literally thousands of alternate paths or 
routes and the initial problem of determining 
which path is the minimum appears rather 
difficult. 

Fortunately, Dr. Carroll and his staff were 
able to use a procedure developed by Edward 
F. Moore’ of Bell Telephone Laboratories, 
Ine. The same basic method is used in this 
program and essentially consists of accumu- 
lating the minimum time and path from a 
central point to an ever-increasing circle of 
points surrounding this central point. 


Advantages of Minimum Path 
Principle 


The value of the minimum path principle 
ean hardly be overestimated in the solution of 


2 The shortest path through a maze, by Edward F. 
Moore. Paper presented at the International Sym- 
posium on the Theory of Switching, Harvard Uni- 
versity, 1957. 


the assignment problem. The distance and 
traveltime on each segment of the highway 
network are determined and fed into the com-| 


puter. These initial time and distance meas- 
urements are required for any of the methods 


being used, and are neither easier nor more ; 
difficult to obtain for the minimum path proce-| — 
Once the traveltimes are in the com-|— 


dure. 
puter, however, very substantial advantages 
begin to accrue. 


The most obvious advantage is the savings 


in man-hours. On the optimistic basis that 


the best route of travel between a pair of | 
zones can be located and measured in 3 min-— 
utes by manual methods, approximately 2° 
man-years of labor would be required to find | | 
the traveltime via the arterial network and | 
via the freeway network for the 40,000 zone- | - 


2 Se Se ee 








to-zone volumes occurring in the Washington | °” 


area. 
manual work at the rate of about 2 computer- 


hours being equivalent to 1 man-year of | 


manual computation. 
A second advantage is the increase in ac- 
curacy and consistency. 


quent errors. 
minimum path may actually be longer than 
some other path. Secondly, an error may be 
made in adding the time intervals that make 
up the selected path. The minimum path pro- 
gram, however, tests all possible paths, se- 


lects the minimum, and adds the time inter- | 


vals unerringly. 
A third advantage, which is somewhat more 


obscure, is the ability of the computer to take | 


additional factors into account. For example, 
the computer can be rather easily instructed 
to test a routing and insert a turn penalty 
whenever a right- or left-hand turn occurs. 
To add this or a similar complication into a 
manual procedure would be entirely im- 
practical. 


Washington Traffic Assignment 
Program 


The Washington traffic assignment pro- 
gram is in reality a library of programs that 
can be selected in any desired order through 
the use of a master control program. 'To use 
this library of programs certain conventions 
must be observed, and to understand these 
conventions a few definitions are required. 


Definitions 


Node.—A node is any specific point on the 
highway system that is needed for identifica- 
tion purposes. Primarily, nodes are used to 
designate zone centroids and highway inter- 
sections. They are identified by number. 

Link.—The portion of the highway system 
between two nodes is a link. To avoid need- 
less complication only the “through” or more 
important highways are identified by actual 
location. Links are identified by the two node 
numbers which terminate the link. 

Route—A group of connecting links be- 
tween a pair of zones is the route of travel 
between these zones. If a particular route 
has a shorter traveltime than any other 
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The computer can absorb all of this: 


A manual determina- | 
tion of the best route has two sources of fre- _ 
The routing selected as the | 




































Program conventions and limitations 


1. No more than four links may meet at 


4. From each four-way node there must be 


at least one link to a numerically larger 
node number. 


5. The zone-to-zone trip cards must be in 


o turn. To accommodate diagonal or cury- 
g streets, a flag position is also available to 
change signs as needed. 

The Washington traffic assignment program 
ibrary consists of the following individual 
programs: 
0—Master control. 
1—Build trees. 
2—Load arterial network (all or nothing). 
3—Load entire network (time ratio curve). 
4—Sum vehicle-miles and vehicle-hours. 
5—Convert link data from decimal to 

binary. 
6—Make freeway corrections to link data. 
7—Convert trip volumes from decimal to 
binary. 
8—Correct trip data. 
9—Prepare time-ratio diversion table. 


These programs are on magnetic tape and may 
be used in any desired order through the 
master control program. 


Input Data Requirements 


Zone-to-zone trips 


Hach of the zone-to-zone trip voluines must 
be represented by a trip card identifying the 
two zones (or stations) involved and the 
number of trips between them. Zero volumes 
need not be represented by a card except that 
each zone other than the last one must be 
represented by at least one card (zero volume 
if necessary) when arranged in sort by the 
first identifying zone number. If not already 
accomplished in a previous stage, the zones 
and stations must be renumbered to form an 
unbroken sequence starting with number 1. 


When placed on tape, the zone-to-zone cards 
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must be in sort by the first identifying zone 
number. 


Highway link data 


The highway network must be described 
properly for computer application. This is ac- 
complished by listing each link of the highway 
network on a coding sheet. The listing con- 
sists of the two identifying nodes together 
with the sign, a flag if needed, the traveltime 
in minutes and hundredths, and the distance 
in miles and hundredths. These data are 
then key punched with one link to a ecard. 
The cards are then duplicated, reversing the 
two identifying nodes and adjusting the sign 
and flag, so that in the final deck each link is 
actually listed on two cards. The data on 
the cards are then transferred to magnetic 
tape. 


Program Operation 
Program 0, master control 


This control sets the parameters for the 
specific area in which traffic is being assigned 
and permits the choice of any of the sub- 
routines included in the program library. As 
input, it requires the bumber of zone 
centroids, the number of four-way intersec- 
tions, the number of two- or three-way inter- 
sections, the number of freeway intersections, 
and the amount of turn penalty in minutes 
and hundredths. 

In addition, it has been necessary to scale 
the time and distance values into units which 
will economically use the memory avyailabil- 
ity of the computer. Therefore, the maxi- 
mum traveltime on any link plus the turn 
penalty is equated to 68. The time values 
on all other links are converted to sixty- 
thirds of this maximum traveltime link. 
For the same reason the maximum distance 
link is likewise equated to 68, and all dis- 
tances converted to sixty-thirds of this maxi- 
mum distance link. It should be noted that 
the maximum traveltime link and the maxi- 
mum distance link need not be the same link. 

The maximum traveltime link and the 
maximum distance link are also necessary 
inputs to the master control program. All 
of the other programs are then set with the 
specific characteristics entered through this 
master control program. 


Program 5, convert link data from decimal 
to binary 


In program 5 the computer edits the link 
data for impossible codes, scales the time 
and distance values to appropriate units, 
converts all data from decimal to binary, and 
packs the information to fit exactly into a 
block of computer memory. The output is a 
binary coded tape containing this large 
block of information. 


Program 6, make freeway corrections to 
link data 


The most difficult problem in determining 
the freeway route is to arrive at some method 
which will compute a minimum freeway path 
even though it is longer than an arterial 
street path. This is necessary because some 


diversion to a freeway exists even if the time 
ratio is more than 1.0. To retain the ad- 
vantage of the minimum path method and 
still obtain a freeway time longer than ar- 
terial time, it was decided to temporarily 
halve the time on the freeway links. Once 
the tree has been established, the time values 
are corrected. 

In program 6 the previous arterial links 
are modified as needed by the addition of the 
freeway nodes; the freeway links are inserted 
into the system with their time values cut in 
half; and the information is converted to 
binary and packed into a block of memory. 
The memory is then written out on tape in 
binary code. 


Program 7, convert trip volumes from 
decimal to binary 

The tape containing the zone-to-zone trip 
volumes is edited in program 7. The num- 
bers are converted from decimal into binary, 
and all of the trips from the first-listed (or 
origin) zone to all other zones are packed 
into one record block which is written out 
on tape. There must be a trip record block 
for each zone except the last (highest num- 
bered) zone. 


Program 8, correct trip data 

If in the process of editing or through 
subsequent checking it is found that some 
of the zone-to-zone trips are in error, the 
values may be corrected in program 8 with- 
out rerunning the entire program. 


Program 9, prepare time-ratio diversion 
table 
Program 9 builds the diversion curve table 
for converting time ratio to percentage di- 
version. At the present time the traffic 
diversion curve plotted in figure 1 is incor- 
porated in the program. 


Program 1, build trees 

Program 1 determines the minimum path 
from each zone to all nodes in the highway 
network. If only the arterial links are used, 
the program builds arterial trees. If the free- 
way links are also included, the program 
builds freeway trees. Thus, the previously 
prepared link data are the input for this 
program. 

The program instructs the computer to set 
aside a block of memory for the tree with 
each memory word of the block correspond- 
ing to an actual node on the highway system. 
The memory words in the block are in the 
same sequence as the node numbers. Thus 
the position of the memory word identifies the 
node number. 

In addition, each word in the tree memory 
block will contain two major items of infor- 
mation: (1) the preceding node through 
which the route has passed in building the 
tree, which is called the back node, and (2) 
the total elapsed time from the tree centroid 
to the node represented by this memory word. 

Each memory word is initially set to the 
largest possible value. The computer then 
starts building the tree from zone centroid 
Lin the following manner: 

A. Since the tree is being built from node 1, 
the first step is to set the back node and the 
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elapsed time in memory word No. 1 to zero. 
At the same time this node is listed in an 
elapsed time sequence table in the zero time 
slot. 

B. The computer then takes the minimum 
entry in the elapsed time table, erases this 
entry, and from the link memory block, finds 
all links that emanate from this node, which 
can be called node A. 

Cc. At the end of each of these links there 
is a second node which can be called node B. 
The link time from node A to node B, plus a 
turn penalty if required, is added to the total 
elapsed time at node A to give the total 
elapsed time from the tree centroid to node 
B. The machine compares the computed 
elapsed time at node B with the previously 
established elapsed time stored in the word 
represented by node B in the tree memory. 
If the new time is less than the stored time, 
it replaces the stored time and node A re 
places the previously stored back node. At 
the same time node B is stored in the elapsed 
time sequence table in the appropriate time 
slot. If, however, the new time is equal to or 
greater than the previously stored elapsed 
time, the route is not a minimum path and 
the computer discards this value. 

D. When all of the links emanating from 
node A have been completed in this manner, 
the computer again selects the minimum en- 
try in the elapsed time sequence table and 
repeats the process. 

BE. When all values in the elapsed time se- 
quence table have been used, the tree from 
zone centroid No. 1 has been completed and 
the tree memory is written out on tape. 

F. The computer then proceeds to zone 2 
and builds the tree from this zone in exactly 
the same manner. 

G. When trees have been built from all 
zone centroids, the arterial tree routine has 
been completed. For the Washington, D.C., 
area, about 450 trees are needed. 

The program has been written so that any 
freeway pattern may be superimposed on the 
arterial street network without destroying 
the arterial trees already developed. The 
freeway trees are built in exactly the same 
manner as the arterial trees, except that the 
freeway links as well as the arterial links are 
included in the input data. 


Program 3, load entire network (time ratio 
curve) 


The previously completed freeway and ar- 
terial tree tapes and the zone-to-zone trip 
tape become input for program 38. In addi- 
tion, the relationship between time ratio and 
percentage diversion is placed in the com- 
puter memory. The program then performs 
the following operations: 

A. The arterial tree for node 1 (also zone 
centroid 1) is read into a block of memory. 

B. The freeway tree for node 1 is read into 
a separate block of memory. 

C. The zone-to-zone trips from zone 1 are 
read into a third block of memory. 

D. The trips between the first pair of zones 
initiate the following action: (1) The desti- 
nation zone of the trip becomes the first entry 
in the arterial route. (2) From the arterial 
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Nodes 





Convert links to binary--- Se 
Convert volumes to binary------------ a 
Build trees (102-70NGS) ee ae ee ae ee 
Load network (time ratio) 


Load network (all or nothing) 


Compute vehicle-miles and vehicle hours !_ 











34 minute per 1,000 nodes. 

3 minutes per 10,000 cards. 

814 minutes/100 zones/1,000 nodes. 
13 minutes per 10,000 cards 


Number of nodes ]% 
* [ 500 
424 minutes per 10,000 cards 
vy, Number of noaes|' 
[ 500 
1 minute per 1,000 nodes. 











1 Includes conversion of link volumes and turning movements from binary back to decimal, written out on tape in az 


appropriate format. 


tree, the back node of the destination zone 
becomes the second entry in the arterial 
route. (3) The back node of the second en- 
try becomes the third entry for the route and 
so on until the route reaches zone centroid 1. 
(4) The freeway route is established in the 
same manner with the corrections to travel- 
time on the freeway links being made. (5) 
The arterial route is compared with the free- 
way route. (a) If the routes are identical, all 
of the trips are accumulated on the arterial 
routing in a block of memory where each 
word represents a corresponding highway 
link. (0) If the routes are different, the two 
points of choice are determined. The travel- 
time via the freeway and via the arterial sys- 
tem between points of choice is computed and 
converted to time ratio and then to percent- 
age diversion. The freeway traffic is accumu- 
lated in memory via the freeway route, and 
the arterial traffic is accumulated in memory 
via the arterial route. (6) At all four-way 
intersections, two of the turning movements 
are recorded separately in a turn table so that 
in the final analysis all turning movements 
are available. 

BH. The remaining trips from zone 1 are 
handled in the same manner after which the 
trees and trips from zone 2 replace those of 
zone 1 and the process is repeated. 

F. This procedure is continued until all 
zone-to-zone trips have been read by the com- 
puter, at which time the accumulated volumes 
are written on tape in decimal form. The 
decimal tape is printed on peripheral equip- 


ment. The printed output is the traffic loac 
on all segments of the entire network includ- 
ing all turning movements. 


Program 2, load arterial network (all o1 
nothing) 


The library also includes a program for 
loading all trips on the shortest route. This 
is accomplished by reading only the arterial 
trees into memory and loading all trips on 
the routing established by these trees. 


Program 4, sum vehicle-miles and vehicle- 
hours 


The vehicle-miles and vehicle-hours on the 
freeway network, on the arterial system, and 
on the local system are then computed and 
printed. 


Computer running time 


The entire program library has been com- 
pleted and a major portion tested in the Vir- 
ginia portion of the Washington metropolitan 
area. This area consists of 102 zones, 548 
nodes, and 3,488 zone-to-zone movements. 
The time required to run through the various 
programs in the library is shown in table 1. 

Using the rates given in table 1, it is pos- 
sible to estimate the computer time required 
for one complete assignment for any area. 
For example, it is expected that the Washing- 
ton, D.C., metropolitan area will consist of 
about 450 zones, 3,100 nodes, and 40,000 zone- 
to-zone trip cards. The estimated computer 
time for this area is shown in table 2. An 


Table 2.—Estimated computer time required for 1 complete assignment of traffic in the 
Washington, D.C., metropolitan area 


Units 


Program 
Zone- 
Nodes} to-zone 
cards 


Total com- 
puter time 





Convert arterial links to binary 
Convert freeway links to binary 
Convert volumes to binary 
Build arterial trees (450 zones) 
Build freeway trees (450 zones) 
Load network (time ratio) 


3, 100 
3, 100 
3, 100 
3) 100 


40, 000 


40, 000 


Compute vehicle-miles and vehicle- 
hours. 
Total computer time 
Set up and control time 
Contingency time (10 percent) 


Grand total computer time 











6 hr. 35 min- 





34 minute per 1,000 nodes. 
34 minute per 1,000 nodes. 
3 minutes per 10,000 cards. 
84 minutes/100 zones/1,000 nodes. 
814 minutes/100 zones/1,000 nodes. 
13 minutes per 10,000 cards 

x [* umber of neces] 

500 


3 min___-_--| 1 minute per 1,000 nodes. 


5 hr. 51 min_ 





October 1959 © PUBLIC ROADS | 































IBM 704 computer with 32,000 words of 
memory will cost from $350 to $400 per hour. 


Thus the machine cost for one assignment 


for the Washington area will range from 
$2,200 to $2,600. 


Characteristics of Traffic Assignment 
. Program 
The accuracy of the assignment program 


rests basically upon the accuracy of the as- 
sumption that traffic divides between routes 


in accordance with the time-ratio diversion 


eurve. In any particular city, the accuracy 
of this assumption can be checked by assign- 
ing present trips to the existing highway sys- 
tem and checking against current traffic 
eounts. If better criteria are subsequently 


into the program. 

_ The program as written has a considerable 
‘amount of flexibility. Changes in the extent 
or location of the proposed freeways can be 


tested by merely altering the freeway net- 
work and rerunning the program. If any of 
the proposed highway segments are loaded be- 
yond capacity, the traveltimes on these sec- 
tions can be adjusted and the program rerun 
until there is a balance between capacity and 
traveltime on each segment. If directional 
zone-to-zone trips are available, the program 
can give directional assignments. Thus, 
traffic on one-way streets or ramps can be 
directly computed. 

It is likely that the future use of the pro- 
gram will develop additional subroutines 
which will be useful in designing highways. 
By way of illustration, consider the case of 
a ramp connection immediately before an in- 
terchange between freeways. If the predomi- 
nant flow of traffic from the ramp turns left 
at the freeway interchange, it may be advan- 
tageous to bring the ramp into the freeway 
from the left to avoid the confusion of weay- 
ing this traffic across the freeway. By suit- 
able instructions, the computer can develoy 
these or similar data. 


The program is written for an IBM 704 
computer with 32,000 words of memory. If 
there are less than 900 nodes in the highway 
system, an 8,000-word memory will be suf- 
ficient. In addition to memory capacity, it is 
essential that the computer have extremely 
fast access time to all memory positions. 
This consideration, at least for the present, 
precludes the use of computers which rely on 
a magnetic drum memory. 
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Vehicle Acceptance Rates of P 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


Vee acceptance rates of parking fa- 
cilities, or more specifically, the number of 
entering vehicles that can be accommodated 
in a given period of time by a single entrance, 
are of primary importance in parking lot 
operation. In recent years there has been 
considerable research on this subject in down- 
town areas, including outdoor parking lots, 
and parking structures of various types, as 
well as studies of curb parking usage. Con- 
sequently, curb parking habits and the vehicle 
acceptance rates of city parking lots and 
structures are quite well known. 

Considerably less research effort, however, 
has been devoted to vehicle acceptance rates 
at parking facilities in suburban and rural 
areas. In these outlying areas parking facil- 
ities are quite large and, except for those at 
suburban shopping centers, are used primarily 
for long-term parking. They include parking 
areas at industrial plants, racetracks, military 
installations, stadiums, and similar places. 
Generally, there is little turnover of vehicles 
at these parking areas. Instead, a concen- 
trated influx of vehicles occurs over a rela- 
tively short period, with a similar discharge 
surge at a later time. Few detailed studies 
have been made of the traffic flows into such 
parking areas, although many overall counts 
have been made of the total number of ve- 
hicles accommodated during the heavy in- 
flux period. 

Harly in 1958, as one of its responsibilities 
in connection with civil defense highway plan- 
ning, the Bureau of Public Roads was re- 
quested to determine the vehicle acceptance 
rates of large parking areas comparable to 
those which might be provided at refugee 
reception centers. This presented an ideal op- 
portunity for the Bureau to accomplish two 
purposes with one study. The results would 
fill the existing void in available information 
regarding vehicle acceptance rates of outly- 
ing parking areas, and provide the informa- 
tion needed for emergency planning. For the 
first purpose, field studies of the operation of 
large improved parking areas were essential. 
Secondly, operations at these improved lots 
could be accepted as comparable to the best 
operation expected at refugee centers, since 
most of these centers would have relatively 
unimproved parking areas such as large open 
fields. 

Accordingly, after Bureau of Public Roads 
personnel had made pilot studies near Wash- 
ington, D.C., the cooperation of the State 
highway departments was enlisted in con- 
ducting studies at major 


parking areas 
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throughout the country. ‘The response was 
excellent, with 24 States supplying data ob- 
tained at a total of 74 parking areas. In- 
cluded were studies at 125 entrances, of which 
71 were found to include capacity conditions 
suitable for analysis. 


Scope of Study 


The data received were classified according 
to five types of entrances, depending upon the 
driving maneuver involved in the approach 
to the parking lot. The types were as fol- 
lows: (1) Straight approach (no turning 
movement) ; (2) 90° right turn; (3) 90° left 
turn; (4) oblique angle turn, right; and (5) 
oblique! angle turn, left. Within each cate- 
gory, the lot entrances were further identified 
either as familiar to the drivers using them, 
such as those at industrial plants, or as un- 
familiar lot entrances, which were infre- 
quently visited by individuals, such as those 
provided for various special events. 

Except for a few special reports, the analy- 
ses were based entirely upon the determina- 
tion of approach volumes per hour per lane 
which actually entered the parking facility. 
Where over 50 nonentering vehicles per hour 
were intermingled in an approach traflic flow, 
or where opposing traffic was significant, the 
study was rejected. From each individual 
lane study, the peak-hour and the peak 10- 
minute volumes were recorded, and the peak 
10-minute rate was expanded to a full-hour 
rate. 

Observations made during the pilot study, 
as well as comments made by several of the 
observers in the field, indicate that an ac- 
ceptance rate attainable for a full 10 minutes 
can be maintained for a full hour, provided 
that adequate maneuvering and parking space 
remains available within the lot and that a 
continuing capacity flow of vehicles arrives. 
This presumably would be the situation at a 


Table 1.—Vehicle acceptance rates of large parking areas in 24 States 





Approach to entrance 


arking Areas 











Reported by ARTHUR A. CARTER, Jr., 
Highway Research Engineer, 

and BESSIE A. HAYES, 

Statistical Assistant 


refugee reception center, although at the fa- 
cilities studied, peak arrival rates seldom 
lasted for more than a half hour. Results 
are therefore given in terms of vehicles per 
hour per lane, as obtained by expanding the 
peak 10-minute rates (table 1). They are 
average values considered to be typical for, 
the conditions shown. 


Results of Study 


Straight approach entrances 


In the 11 studies involving unfamiliar, 
straight approach entrances, vehicle ac- 
ceptance rates ranged from 770 to 940 vehicles 
per hour per lane. The average rate was 850 
vehicles per hour per lane. Most drivers at 
this type of entrance, as well as most other 
unfamiliar entrances, came to a near stop in 
their approach. 

Studies at familiar, straight approach en- 
trances showed an average acceptance rate of 
1,100 vehicles per hour. However, extremes 
to this average were reported. <A rate of only. 
600 vehicles per hour was found at one in- 
dustrial plant parking location. At another 
plant location, where an estimated speed of 
20 mp.h. was maintained through the 
entrance and vehicles could spread out into 
several lanes beyond the entrance, a rate of 
1,900 vehicles per hour was recorded. This 
rate is somewhat higher than the predicted 
possible capacity of a single traffic lane at 
20 m.p.h. The study, however, was made at 
an unusually well-operated industrial plant 
parking lot where roadway speed could be 
maintained through the gates and where 
parking had become a daily routine to all| 
drivers. 


90° turns 


The average entrance rate at unfamiliar | 
parking areas involving a 90° right turn was 
about 750 vehicles per hour. A _ one-third 











Straight approach (no turning movement)_______________- 


O02 THeht: Turns oe ee ee ee See es 
OOS ett uri) Soa: eee ASS Le eee 
Obliquevanclesrigh ts see see, ee eee reed, 
Oblique angle, left.___._______ é 


1 Includes racetracks, stadiums, and other facilities not frequently visited by the same individuals. 
2 Includes industrial plants, military bases, and other facilities where the same drivers enter daily. 


3 No data available. 


Average acceptance rates— 
vehicles per hour per lane 
Number of 2 
studies 
Unfamiliar Familiar 
entrance ! entrance 2 
et eee tel Dae 20 850 1, 100 
he ee eS 5 ee 15 750 1, 000 
See fe eee ee oe: 24 830 900 
Ese Fee ae 8 650 1, 000 
PR ee in Bare 8. Lae RES 0 2 4 720 (3) 
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merease in the flow, to 1,000 vehicles per 
iour, resulted where drivers were familiar 
vith the parking location. 

At entrances involving 90° left turns, the 
esults were surprisingly high in several 
itudies at both familiar and unfamiliar lo- 
rations. While volumes at several entrances 
were in the 600-700-vehicle-per-hour range, 
»bservers at other parking areas reported 
vates from 1,100 to 1,300 vehicles per hour, 
aven though speeds were estimated as 10 
n.p.h. or lower. One study location was 
joarticularly comparable to refugee center 
»onditions. At this location, where vehicles 
‘rom one lane rather promiscuously crossed 
1 shallow ditch at various points to enter a 
zrass lot, a rate of 850 vehicles per hour was 
attained. This was approximately equal to 
the average of 830 vehicles per hour for all 
vf the unfamiliar lots, which indicates that 
animproved lots can operate just as well as 
improved lots. The rate at familiar en- 
frances showed only slightly better operation, 
averaging 900 vehicles per hour. 

The results of the study show that the 
average left-turn rate was somewhat higher 
than the average right-turn rate at unfa- 
miliar lots. This is contrary to the usual 
finding in intersection capacity studies that 
s left turns involve more delay than do right 
a turns. At the average intersection, drivers 
i in making left turns are often confronted 
with opposing through traffic. In the parking 
studies, drivers were not faced with opposing 
l') traffic in negotiating left turns. Under these 
bs circumstances, left turning movements might 
‘S| be made from either lane of a two-lane high- 
way, depending upon whether the approach 
road was operating one-way or two-way with 
practically no opposing traffic. When left 


: turns are made from the left lane, the turn 
| 










- New Publication 


_ The Catalog of Highway Bridge Plans has 
I been assembled by the Bureau of Public 
Roads primarily for use by highway depart- 
ments to facilitate the exchange of designs 
on a national basis. The program for the 
r exchange of bridge designs was suggested by 
‘many State highway departments and by 
| committees and members of the American 
Association of State Highway Officials. 

_ The States were requested to submit their 
available bridge designs dating from 1950 for 
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is just as sharp as the usual right turn, and 
thus the acceptance rates for either right or 
left turns should be similar. When left turns 
are made from the normal right-hand ap- 
proach lane, a wider turn is involved which 
can be made much more easily. This very 
likely explains the more favorable rate for 
90° left turns reported in table 1 for un- 
familiar entrances as compared with 90° 
right turns. 


Oblique angle entrances 


Limited data obtained for oblique angle 
entrances indicated that left-turn rates again 
were somewhat higher than those for right 
turns. At unfamiliar locations, left turns 
averaged 720 vehicles per hour, while right 
turns averaged only 650 vehicles. At familiar 
locations, only data for right oblique en- 
trances were available. These showed an ay- 
erage flow of 1,000 vehicles per hour. It can 
be assumed that left oblique entrances would 
approximately equal this capacity. 


Effect of Gatemen on Traffic Flow 


When these studies were being planned, it 
Was assumed that collection of fees or inspec- 
tion of passes would have an adverse effect 
on the traffic flow. The results, however, 
showed no consistent difference between lots 
where fees were collected or passes checked 
(applicable to about one-third of the parking 
areas studied) and those where access was 
unrestricted. At the average lot, entrance 
speeds were very low regardless of whether or 
not gatemen were present. Similarly, at 
these low speeds, it was found that lane width 
was not significant. All approach and en- 
trance lanes studied were at least 10 feet 


H20-S16 loading or heavier. The pvblication 
is divided into 13 sections and lists in tabular 
form over 4,500 designs. The data are as- 
sembled by States according to span types, 
simple, continuous, or cantilever, in their 
relevant sections and cover rolled beam spans 
with and without composite action, steel deck 
girder spans riveted or welded, with and with- 
out composite action, steel truss spans, re- 
inforced concrete slab, deck girder, box girder, 
and rigid frame spans, prestressed concrete 
slab, girder and box girder spans, steel arch 
spans, reinforced concrete arch spans, movable 
bridges of lift span and bascule span types, 


wide, so it is possible that narrower rural 
roads might yield lower rates. 


Practical Acceptance Rate 


As a result of these studies, it appears that 
800 vehicles per hour per entrance lane could 
be considered the practical maximum vehicle 
acceptance rate for large unfamiliar parking 
areas, regardless of the turning movement 
involved. This rate is possible if adequate 
parking areas exist to absorb all entering ve- 
hicles, if attendants prevent congestion 
within the lot, if the feeder roadway has a 
continuous backlog of vehicles, and if dis- 
abled vehicles can be rapidly cleared from 
the highway. It should be emphasized that 
dry weather conditions must prevail to ac- 
commodate 800 vehicles per hour per lane 
where unpaved entrances and parking areas 
are involved. Rain or snow could easily 
make such areas totally unusable. 

If all drivers are familiar with an entrance, 
a rate of at least 1,000 vehicles per hour, and 
frequently more, may be possible. In those 
unusual situations where well designed 
straight-through approaches permit traffic to 
maintain full highway speed until distribu- 
tion to specific sections within the lot begins, 
it may be possible to attain the maximum 
possible capacity of a moving traffic lane, 
2,000 vehicles per hour. Certainly, however, 
this figure should not be used in planning. 

It should be noted that studies were made 
only of traffic entering the various facilities 
before events, since this was the movement 
considered applicable to civil defense plan- 
ning. Only limited data were received re- 
garding exit flow from these same facilities, 
but it was evident that exit rates were some- 
what higher than approach rates. 





suspension bridges, pedestrian overcrossing 
structures, traffic sign structures, and tunnels. 

The last section (XIII) contains quantity 
charts which may prove useful in making 
design comparisons. These charts show struc- 
tural steel quantities for rolled beam, deck 
plate girder and truss spans, and concrete 
quantities for reinforced concrete spans. In- 
sufficient data were available to prepare charts 
covering reinforcing steel. 

The Catolog of Highway Bridge Plans, a 167- 
page publication, may be purchased from the 
U.S. Government Printing Office, Washington 
25, DC: at Sly per copy. 
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Traffic Signals and Accidents in Michigan 


late THE TRAFFIC OPERATIONS DIVISION 


BUREAU OF PUBLIC ROADS 


O the general public, the installation of 
| Be traffic signal often implies that acci- 
dents will be substantially reduced. Studies 
have frequently shown, however, that this is 
not always true. One such study was re- 
cently conducted in Michigan. From 1946 to 
1957 the Michigan State Highway Depart- 
ment made a detailed accident study at each 
of 89 intersections where traffic signals 
were installed. The intersections, distributed 
throughout the southern half of the State, 
were located in and near cities as well as on 
rural highways. Data were collected at each 
intersection for 1 or 2 years prior to installa- 
tion of the signals and for an equivalent 
period afterwards. 

The types of intersections included in the 
study ranged from simple three-leg to five- 
and six-leg and other complex intersections. 
As might be expected, more than half of the 
intersections had four approach legs without 
medians or islands to separate opposing 
streams of traffic. The four-leg divided in- 
tersections were, in most cases, divided on the 
main highway only. Of the 89 intersections 
studied, 39 were signalized with standard 
stop-and-go controls and 50 with flashing 
beacons. These beacons flashed yellow on 
the main street or major highway, and red on 
the side street or minor highway. 

At 88 of the 89 intersections, traffic data 
were available. The average daily traffic 
volumes entering from all approaches at these 
intersections averaged 20,200 vehicles a day 
for stop-and-go signals and 8,000 vehicles a 
day for flashing’ beacons. 


1 Acknowledgment is made to the Michigan State 
Highway Department for furnishing the data for 
this article. 


Table 1.—Number of accidents, injuries, and fatalities before and after traffic signal installation at 89 intersections 





Summary of Findings 


At intersections where stop-and-go signals 
were installed, the number of accidents in- 
creased nearly one-fourth. It was found that 
the simpler the intersection, the greater the 
increase in accidents. For example, simple 
three-leg intersections showed a gain in ac- 
cidents of 78 percent, whereas five- and six- 
leg and other complex types showed a decline 
of 47 percent. In the case of flashing beacon 
installations, the number of accidents de- 
ereased regardless of the type of intersec- 
tion, the range being 21 to 37 percent and 
averaging 26 percent. 

The number of persons injured decreased 
by one-fifth at intersections where stop-and- 
go signals were installed and by one-half in 
the case of flashing beacon installations. 
The number of fatalities also decreased after 
either of the two types of signals were 
installed. 

After installation of stop-and-go signals, the 
number of rear-end, head-on, and side-swipe 
collisions increased 200, 157, and 74 percent, 
respectively. Only angle and miscellaneous 
types of collisions decreased. The installa- 
tion of flashing beacons resulted in a nearly 
uniform reduction of about one-fourth for 
each type of collision. 

In the investigation of the effect of light 
and weather conditions on the accident rate 
following stop-and-go signal installation, it 
was found that the number of accidents dur- 
ing inclement weather increased fourfold as 
compared with accidents during all-weather 
conditions. This relation applied to both 
daytime and nighttime driving. After instal- 
lation of flashing beacons, daytime accidents 
during inclement weather as well as during 


Number of accidents 


Number of injuries 


+0 













Reported! by DAVID SOLOMOP 
Highway Research Enginee 


all-weather conditions decreased by one-fift] © 
On the other hand, nighttime accidents durin 
inclement weather decreased by one-sixth a 
compared with a decrease of one-third fc 
all-weather conditions. | 

At 88 intersections where traffic volum| 
data were available, it was found that th} 
greatest reduction in accident rates occurre 
at the higher volume intersections for sto] 
and-go signals and at the lower volume intel 
sections for flashing beacons. 


ol 


Accident Experience 


At 39 intersections where stop-and-go sig 
nals were installed, the number of accident. 
increased 28 percent (table 1 and fig. 1) 
On the other hand, at 50 intersections wher 
flashing beacons were installed, a 26-percen 
reduction in accidents was recorded. 

The greatest increase in the number 0 
accidents after stop-and-go signals were in 
stalled was observed at three- and four-le; 
undivided intersections (table 1 and fig. 2) 
The four-leg divided intersections showe 
practically no change, and at the more com 
plex five- and six-leg intersections the num 
ber of accidents declined by 47 percent. 

Flashing beacon installations resulted in ; 
reduction in the number of accidents rangin; 
from 21 percent at four-leg undivided inter 
sections to 37 percent at five- and six-leg inter 
sections. Compared with stop-and-go signals 
this is a relatively narrow range and ni 
general pattern was evident among the foul 
types of intersections. 

Both types of signal installations brough) 
about a reduction in the number of person; 
injured: 20 percent for stop-and-go signal; 
and 50 percent for flashing beacons. Fatal 
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114 
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! Too few data to compute percentage change, except for 4-leg undivided and all types of intersections. 


2 Percentage change is not statistically significant. 
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After installation of— 
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ities also decreased after installing either 
' type of signal, but no definite conclusions 
‘should be drawn from this experience be- 
cause of the limited sample. 

After stop-and-go signals were installed, 
the number of persons injured remained 
fairly constant at three-leg intersections; in- 
creased slightly at four-leg undivided inter- 
sections; decreased moderately at four-leg 
divided intersections; and decreased substan- 
tially at five- and six-leg and other complex 
types of intersections. This trend was quite 
similar to that found for the number of ac- 
cidents. At flashing beacon installations 
there was a general decrease in the number 
of persons injured at all types of intersec- 
tions, but no definite pattern was evident. 

The data developed in this study indicate 
that stop-and-go signals are less effective 
from the safety standpoint at simple types 
of intersections, but for the more complex 
types they may be desirable. It appears that 
greater consideration should be given to the 
use of flashing beacons at three- and four-leg 
intersections where some type of signal is 
required. 


Accident Exposure Considered 


Up to this point exposure to accidents at 
the various intersections has not been con- 
sidered. At 88 intersections where traffic 
volume data were collected, it was found that 

volumes increased 11.1 percent after install- 
ing stop-and-go controls and 11.5 percent 
after installing flashing beacons. These per- 
centage increases applied generally to the 
‘different types of intersections studied. 
Accident, injury, and fatality rates based 
on 100 million vehicles entering the intersec- 
tions are shown in table 2. In general, the 
trends observed in table 2 for the 38 intersec- 
tions, after considering the rate of exposure 
io accidents, were similar to those shown in 
table 1 for all 89 intersections. There is one 
important exception, however. In the case of 
flashing beacon installations, the percentage 
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Figure 1.—Percentage change in the number of accidents, injuries, and fatalities after 
installation of traffic signals. 


decrease in the number of accidents remained 
fairly constant for the 50 intersections re- 
ported in table 1, regardless of the type of 
intersection studied, but for the 25 intersec- 
tions reported in table 2 the percentage de- 
crease became progressively greater with 
intersection complexity. For stop-and-go sig- 
nal installations, the relative changes in the 
number of accidents followed a similar trend 
in both tables 1 and 2. Whether the traffic 
volume factor is considered or not, it is im- 
mediately evident that stop-and-go signals 
are very effective in reducing accidents at the 
most complex types of intersections. 
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Figure 2.—Percentage change in the number of accidents, by type of intersection, after 


Traffic volumes at stop-and-go signal instal- 
lations were on the average two or three 
times greater than the volumes at intersec- 
tions having flashing beacons. In order to 
provide a meaningful comparison of the effec- 
tiveness of stop-and-go signals and flashing 
beacons, intersections with like traffic volumes 
were selected. Since four-leg undivided 
intersections predominated in the study, the 
comparison has been narrowed to this type in 
table 3. By grouping the 4 lowest traffic 
volume intersections having stop-and-go sig- 
nals and the 4 highest volume intersections 
having flashing beacons, it was possible to 
select 2 groups of 4 intersections for which 
the average daily volumes approximated 
16,000 vehicles. 

The percentage change in accident and in- 
jury rates was computed for these eight 
intersections and for all four-leg undivided 
intersections (table3). It is seen that instal- 
lation of stop-and-go signals resulted in a 
substantial increase in the accident rate and 
a somewhat smaller increase in the injury 
rate. Flashing beacons, however, brought 
about a slight decline in the accident rate and 
a substantial decline in the injury rate. The 
pattern is the same whether the 8 intersec- 
tions or all 22 intersections are compared. 

In a further attempt to determine the effect 
of traffic volumes on accident rates, the stop- 
and-go controlled intersections and those with 
flashing beacons were each divided into two 
groups: intersections with traffic volumes be- 
low the average for the group and those above 


the average (table 4). Averages for the two: 


groups were 20,200 ADT for stop-and-go 
signals, and 8,000 ADT for flashing beacons. 
At stop-and-go controlled intersections, the 
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Table 2.—Number of accidents, injuries, and fatalities per 100 million vehicles entering before and after traffic signal installations at 
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change 1 
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11, 800 
6, 700 


20, 000 
8, 200 


27, 200 
7, 800 


16, 900 
9, 000 
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1 Too fewZdata to compute percentage change for the different types of intersections. 


accident rate increased 32 percent at the 
8 intersections with below-average traffic 
volumes, and decreased 2 percent at the 5 
intersections with above-average volumes. 
A similar comparison for flashing beacon in- 
stallations showed a 22-percent decrease in 
the accident rate for 17 intersections having 
below-average traffic volumes and a 10-percent 
decrease for the 8 intersections with above- 
average volumes. Injury rates followed a 
declining trend, irrespective of traffic volumes 
or type of signal. Accident data reported in 
table 4 indicate that flashing beacons should 
be employed at low traffic volume intersec- 
tions and stop-and-go signals at high volume 
intersections. 


Traffic Signals Affect Types of 


Collisions 


Types of collisions and the percentage 
change before and after installing stop-and-go 
Signals and flashing beacons are reported in 
table 5 and illustrated in figure 3. Following 
installation of stop-and-go signals at 39 inter- 
sections, 8 types of collisions increased sub- 
stantially: Rear-end collisions increased 200 
percent; head-on collisions, 157 percent; and 
side-swipe collisions, 74 percent. Only angle 
collisions and other miscellaneous accidents 
showed a decrease. The 50 intersections with 
flashing beacons presented an entirely differ- 
ent picture. All types of collisions declined, 
ranging from 18 percent for rear-end collisions 
to 32 percent for the head-on type. 

In the before period, angle collisions were 
dominant, but after installing stop-and-go sig- 
nals, rear-end collisions ranked highest. 
However, after flashing beacons were in- 
stalled, angle collisions still predominated, 
but there was a 29-percent decline in the 
number. 

Since stop-and-go signals tend to reduce 
angle collisions, it follows that where this 
type of accident is a substantial percentage of 
the total, stop-and-go signals are more likely 
to be effective. Traffic engineers in the past 
have used this criteria in deciding whether 
a traffic control signal should be installed at 
a particular intersection. 
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Light and Weather Conditions 


Table 6 shows that after stop-and-go sig- 
nals were installed, the number of accidents 
increased regardless of light or weather con- 
ditions, with the greatest increase occurring 
during periods of inclement weather. During 
daylight hours, such accidents increased 126 
percent as compared with an increase of only 
382 percent for all-weather conditions. Simi- 
larly, accidents occurring at night during in- 
clement weather increased 41 percent, as 
compared with an increase of only 11 percent 
for all-weather conditions. 

With flashing beacons, the number of ac- 


cidents decreased under all-weather condi-— 


tions, both day and night. .During daylight 
hours and inclement weather, the number 
decreased 20 percent as compared with an 
identical decrease for all-weather conditions. 
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At night and during inclement weather, the 
number of accidents decreased 16 percent or 
about half as much as during all-weather 
conditions. 

These comparisons point to the accident re- 
duction benefit that can result from convert- 
ing stop-and-go signals to flashing signals 
during inclement weather. More considera- 
tion should be given to this type of operation 
where signal controls are flexible enough to 
permit the conversion. 


Established Policy on Traffic Control 


Devices 


The Manual on Uniform Traffic Control 
Devices for Streets and Highways’ provides 
that the total vehicular volume entering an 


2 Published by the Public Roads Administration, 
Washington, 1948 (also 1954 revisions supplement). 


Table 3.—Percentage change in the number of accidents and injuries per 100 million 
vehicles entering after installing traffic signals at 4-leg undivided intersections 


Average 
daily 
traffic 


Comparison 


Percentage change 
after installing 
signal 
Type of signal installed 


Accident 
rate 


Injury 
rate 





Stop-and-go 
Flashing beacon 





Stop-and-go 
Flashing beacon 


52 
— 66 


23 
—45 





Table 4.—Number of accidents and injuries per 100 million vehicles entering before and 
after traffic signal installations at 38 intersections, grouped according to below average 


and above average daily traffic volumes 


Average daily traffic 
Before 


Number of accidents per 100 million 
vehicles entering intersections 


After installation of— 


Number of injuries per 100 million 
vehicles entering intersections 





After installation of— 
Before 





signal 
instal- 
lation 


Stop- 
and-go 
signal 





Flash- 
ing age 
beacon 





signal 
instal- 
lation 


Stop- Flash- | Percent- 
and-go ing age 
signal beacon change 


Percent- 


change 








Below 20,200 
Above 20,200 


Below 8,000 
Above 8,000 














32 —37) 
ae —56 


—22 —38 
=10 —43 


19 —43 
aid 30 
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PERCENTAGE CHANGE 


‘stop-and-go signals. 


Table 5.—Number of accidents, by type of collision, before and after traffic signal installa- 
tions at 89 intersections 


Accidents 


be before 
Manner of collision signal 
installa- 


Accidents Accidents | Accidents 
after Percent- before after 
installing age signal 
stop-and- | change installa- 
go signal tion 


F Percent- 
installing age 
change 


flashing 
beacon 





288 83 68 
59 37 25 
66 65 49 

128 175 124 
28 42 33 








1 Percentage change is not statistically significant. 


- +200 


+150 


+100 


+50 


DECREASE 


V 


- 50 





569 








| Figure 3.—Percentage change in the number of accidents, by type of collision, after instal- 


lation of traffic signals. 


intersection from all approaches must exceed 


750 vehicles per hour for each of 8 hours of 


an average day in urban areas and 500 ve- 
hicles per hour for each of 8 hours of an 
average day in rural areas in order to justify 
An equivalent 24-hour 
traffic volume to satisfy these conditions 
would probably be about 15,000 vehicles per 
day in urban areas and 10,000 vehicles per 
day in rural areas. 

Table 4 shows that stop-and-go signals in- 
stalled at these volumes have resulted in an 
increase in accident rates. Table 3 shows this 
even more strikingly for four-leg undivided 
highways. The 4 lowest volume stop-and- 
go intersections with an average daily traffic 
volume of 15,800 vehicles showed an increase 
of 81 percent in the accident rate after the 
Signals were installed. The injury rate also 
increased. By way of contrast, both tables 
show that installation of flashing devices at 
these low volumes resulted in decreases in 
both accident and injury rates. It seems 
apparent, therefore, that consideration should 
be given to greater use of flashing beacons 
at intersections that barely qualify for stop- 
and-go signals according to provisions of the 
manual. The manual does state that stop- 
and-go signals should be operated as flashing 
red and flashing yellow signals for the side 
street and main street, respectively, if the 
traffic volume falls below 50 percent of the 
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required minimums during two or more con- 
secutive hours of the day. The present study 
provides additional support for this policy. 
Throughout the article, the number of ac- 
cidents, injuries, and fatalities have been 
expressed as a percentage relation of the 
experience before and after installing stop- 
and-go signals or flashing beacons. In order 
to test statistically the significance of the 
percentage changes that have occurred 
through modification of a highway intersec- 
tion, two techniques have been developed by 
R.M. Michaels. His article titled Two Simple 
Techniques for Determining the Significance 


of Accident-Reducing Measures appears on 
pages 238-2389 of this issue. 

In testing for significance, the investigator 
Seeks to determine whether a percentage 
change of a given magnitude is great enough 
to be attributed to the change introduced 
(e.g., installation of a traffic signal) or 
whether it is due to chance. 

The two methods developed by Michaels, 
one labeled as a liberal test and the other as 
a conservative test, are based on the chi- 
square and the Poisson distributions. To 
make use of Michaels’ methods of evaluation, 
the reader should refer to figure 1 on page 
238. The percentage changes in the number 
of accidents, injuries, and fatalities reported 
in the tables of this article may be compared 
with the two curves shown in figure 1 of 
Michaels’ article. In doing so, it will be ob- 
served that the relative changes reported in 
the tables for frequencies of accidents and 
injuries are, for the most part, statistically 
significant, based on a 5-percent probability 
level. In effect, this means that a percentage 
reduction in accidents of a given magnitude 
could not have occurred by chance more than 
once in 20 times. Percentage changes that 
are not considered statistically significant by 
either test are footnoted in the tables. 


Recommendations 


While more precise and complete informa- 
tion is needed to determine the conditions 
under which stop-and-go signals or flashing 
beacons may be most effective, the data pre- 
sented here indicate that more widespread 
use of flashing beacons would be desirable at 
the simpler types of intersections. 

A general and large-scale study of the 
relation between various design features of 
intersections and accidents should be under- 
taken to determine what type of traffic con- 
trol device should be employed at a given 
intersection that would not only aid the move- 
ment of traffic but also provide maximum 
safety. 

Flashing signal operation of certain stop- 
and-go signals during inclement weather 
seems to offer a possible method for reducing 
accidents. In determining when such signal 
operation should be used, the intersection 
accident and capacity factors should be fully 
considered. 


Table 6.—Number of accidents, according to light and weather conditions, before and 
after traffic signal installations at 89 intersections 


Accidents 
before 

Light and weather conditions signal 

installa- 
tion 


Accidents Accidents | Accidents 
after Percent- before after Percent- 
installing age signal installing age 
stop-and- | change installa- flashing change 
go signal tion beacon 





Daytime: 


Rain, snow, or fog 





All conditions ? 











Nighttime: 


Rain, snow, or fog 





All conditions ? 





1 Percentage change is not statistically significant. 























2 The number of accidents in this table are slightly less than those given in other tables because light and weather con- 


ditions were not known in every case. 
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Two Simple Techniques for Determining the 
Significance of Accident-Reducing Measures 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


HENEVER an attempt is made to re- 

duce accidents on a section of highway 
through modification of some of the acci- 
dent-producing features, the question arises 
as to whether an observed reduction is due to 
anything more than chance alone. The most 
common approach to evaluation his been to 
institute improvements on sections of high- 
ways where a large number of accidents have 
occurred. Then after modification, reduc- 
tions in accidents are reported as a percent- 
age relationship of the before and after ex- 
perience. At this point it must be determined 
whether the observed percentage reduction is 
great enough to be ascribed to the change in- 
troduced or whether it is due to chance fac- 
tors. An attempt is made in this article to 
describe two simple relations that are avail- 
able for determining the significance of a per- 
centage reduction in accidents. 


Accident Study Requirements 


In order to make a comparison on a be- 
fore-and-after basis, one must be certain 
that the two study periods are reasonably 
comparable. The following factors must be 
considered in the evaluation: (1) Some 
measure of vehicle-miles is needed for both 
the before and after periods in order to 


NT 


equate accident exposure; (2) the traffic vol- 
umes for each of the two periods should be 
approximately the same, for marked differ- 
ences in volumes will affect the accident ex- 
perience;* (3) the composition of the traffic 
on the study section should be unchanged 
during each of the two periods as this, too, 
may influence accident experience; and (4) 
since the fatal accident rate has consistently 
tended to decrease over the years, the acci- 
dent totals in the after period should be cor- 
rected for any existing trends. 

The accident figure used for analysis 
should be the total number of accidents by 
type, either fatality, injury, or property dam- 
age. The total number of fatalities or the 
total number of injuries should not be used 
whenever the number of accidents is less than 
50.2 The restriction in considering accidents 


1The Interstate Highway Accident Study, by 
Morton S. Raff. PusBLic ROADS, vol. 27, No. 8, 
June 1953; also Highway Research Board Bulletin 
74, 1955, pp. 18-45. 

2 Although the selection of a sample size of 50 is 
arbitrary, it should generally minimize any bias 
that might be imposed by the rare accident in 
which a large number of fatalities or injuries oc- 
curred. The probability of more than five deaths 
or injuries occurring in a single accident is very 
low. Consequently, with a sample size of 50 or 
more, these single cases will inflate the accident 
frequency rarely more than 10 percent. 
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Reported by RICHARD M. MICHAELS, 
Research Psychologist 


by type reflects the fact that the number of 
deaths or injuries will usually be determined 
by factors peculiar to the individual accident. 
Thus, the number of occupants of the vehicle, 
its speed, or the geometry of collision may be 
the variables that determine the number of — 
casualties. These are usually independent of 
the highway and any modification made 
thereon. Therefore, analyzing the frequency 
of accidents by type should yield a more pre- 
cise measure of the effects of highway 
modifications. 








Application of Poisson Distribution 


Accidents are rare events in time, distance, 
or among individuals. For example, the 
probability of a fatal accident is only about 
5 chances in 100 million miles of driving. | ~ 
The same low probability exists whether the | 
reference is thousands of vehicles or fre 
quencies of accidents among a group of 
people. An applicable statistical model is the 
Poisson distribution which is an approxima: | } 
tion to the binomial density function when 
the probability of the event is low and the | 
population in which it occurs is large. 

In general, the assumptions of the Poisson | 
distribution are met in most accident situa- 
tions. Several studies have shown that this 
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CURVE I-LIBERAL TEST 
(POISSON) 


ACCIDENT REDUCTION REQUIRED TOBE SIGNIFICA 
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Figure 1.—Curves for determining the statistical significance of accident-reducing techniques. 
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odel fits traffic accident data very well.’ 
Therefore, one way to approach the problem 
yf determining the significance of a percentage 


reduction in accidents is to assume that the 


If the before time period accident frequency 
s used as the expected value of the Poisson 
listribution, then it is possible to determine 
the percentage decrease in accidents that is 
statistically significant. Given the number of 
iecidents before modification, the solution of 


which is illustrated in figure 1. The curve 
shows the percentage reduction in accidents 


}that can be attributed to something more than 


chance. To illustrate the application of figure 
1, assume that 40 accidents occurred on a 


occur only once in 20. 
Curve 1 is a liberal estimate of significance, 


my and it must be interpreted carefully. The 


iy 


fre 
t 





It 


. 


4 
' 









the? 


number of accidents in the before time period 


distribution. Since the number of accidents 
varies from year to year, taking any one year 


ue as the expected value of the population is 
th arbitrary. Consequently this estimate of the 
i mean may be in considerable error. It is 


especially suspect when the number of acci- 
dents in the before time period is abnormally 
high or low. Averaging over several com- 
parable years is probably the best com- 


j) Promise. Within this limitation the test re- 


quires the smallest percentage reduction for 
obtaining statistical significance. 


_ Application of Chi-Square Test 
i 
In order to make a more conservative esti- 


mate, an alternative is the chi-square test. 
By using this test it is possible to determine 
whether the two samples differ significantly ; 


; that is, whether the number of accidents oc- 
; curring after corrective measures are insti- 


tuted is reliably less than the number before. 
Curve 2 in figure 1 shows the percentage re- 
duction in accidents that is significant as a 


} function of the number of accidents occurring 
; before improvements are made. The test as- 


sumes that the highway sections remain the 
‘same or can be adequately corrected from 


7 ear to year. 


3 Poisson and Traffic, by Daniel L. Gerlough and 
‘André Schuhl. Eno Foundation for Highway Traf- 
‘fic Control, Saugatuck, Conn., 1955, 75 pp. 
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The two curves represent two limits which 
ean be applied to determine whether there is 
a reliable reduction in accidents. Curve 1 
may be used to minimize the chance of call- 
ing a reduction not significant when in fact it 
is, and curve 2 may be used to minimize the 
chance of calling a reduction significant when 
it is not. In general, curve 2 should be used 
where there is limited before data. If acci- 
dent data for several years before modifica- 
tion are available, and show a variation of 
no more than 20 percent from year to year, 
they may be averaged. Then the after time 
period may be compared with this average 
and curve 1 used to determine whether the 
reduction is statistically significant. 


Testing for Significance 


In order to demonstrate the use of the 
curves, four examples from two studies have 
been selected. In one study, the effect of 
traffic control devices on accidents at dif- 
ferent types of intersections was investigated.* 
It was found that prior to installation of 
flashing beacons at five- and six-leg intersec- 
tions, 19 accidents were recorded. After in- 
stallation of flashing beacons, the number of 
accidents decreased 37 percent. Figure 1, 
curve 1, shows that for this size sample, it 
is reasonable to conclude that the flashing 
device did not significantly reduce accidents 
and the reduction could have been due to 
chance alone. 

At four-leg intersections on divided high- 
ways, it was found that after installation 
of flashing beacons the number of accidents 
were reduced from 50 to 35, or 30 percent. 
Reference to figure 1 shows that for a before 
value of 50 accidents, a 30-percent reduction 
is significant according to the liberal test, but 
it is not according to the conservative test. 
Since only 1 year of before data is available, 
the conservative test is preferred. There- 
fore, it is reasonable to conclude that the 
flashing device did not significantly reduce 
accidents at these intersections. 

One of the remaining two examples of ac- 
cident experience, selected from a second 
study,’ indicated a significant reduction in 
accidents according to the liberal test, whereas 
the other example met the requirements of 
both tests. 

At an intersection of a four-lane divided 
highway and a two-lane highway, there was an 
average of 27 accidents over a 2-year period. 


4 Traffic Signals and Accidents in Michigan, by 
Dayid Solomon. See pp. 234—237 of this issue. 

5 Reducing Accidents by Traffic Engineering. Vir- 
ginia Department of Highways, Richmond, 1957, 
31 pp. 


Most of these accidents were due to left-turn 
movements from the major to the minor 
highway. In an attempt to reduce accidents, 
a left-turn lane was added to the major 
highway and a left-turn arrow was added to 
the traffic signal. After these modifications 
there were 16 accidents per year, or a 41- 
percent reduction. Figure 1 shows that this 
is a significant reduction using the liberal 
test but not using the conservative test. 
Since the data are averages for 2 comparable 
years, the liberal test is the logical one to 
use. On this basis it is reasonable to con- 
clude that the traffic engineering measures 
significantly reduced accidents at this 
intersection. 

At one point on a four-lane divided high- 
way, drivers had to negotiate a sharp curve. 
Over a 3-year period there was an average 
of 17 accidents per year. In an attempt to 
reduce accidents, highway lighting was added 
and also road-edge delineators. After the 
changes, there were 5 accidents per year, or 
a 70-percent reduction. With reference to 
figure 1, such a reduction is statistically sig- 
nificant by both tests. Therefore, it is rea- 
sonable to conclude that the engineering 
changes did cause a statistically reliable re- 
duction in accidents. 


Statistical Limitations 


A word of caution is in order concerning 
the use of the curves. Both tests require 
fulfillment of certain statistical assumptions 
to be wholly valid. There is no way to prove 
that these assumptions are met in any given 
field situation. Accident processes are not 
constant in time, and the factors influencing 
their change are poorly understood at best. 
Furthermore, there is never good control over 
all the variables influencing changes in acci- 
dent incidence. Populations of drivers 
change, as do populations of vehicles. In 
addition, several accident reduction measures 
are always operating, e.g., enforcement and 
education. It is therefore rarely possible to 
eliminate the influence of all such forces and 
ascribe an observed reduction unequivocally 
to some single specific measure. 

The curves shown may be used as an esti- 
mate of the percentage reduction in accidents 
that is required to achieve statistical sig- 
nificance. In using these curves the limita- 
tions inherent in any field study should be 
recognized. Where techniques or measures 
do appear to show a significant influence on 
accident incidence, a more intensive evalua- 
tion of them may be required. This can and 
should be done with emphasis given to care- 
ful control and more precise measurements. 
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Estimated Travel by Motor Vehicles 


in the United States, 1957 


BY THE DIVISION OF HIGHWAY PLANNING 


BUREAU OF PUBLIC ROADS 


HB average motor vehicle traveled 9,571 

miles in 1957, almost one-half of it in 
cities, and averaged 12.47 miles per gallon of 
fuel. Total motor-vehicle travel in 1957 
amounted to 647 billion vehicle-miles. For 
1958 the total is estimated at 665 billion, and 
nearly 700 billion is forecast for 1959. 

Of the 1957 travel, 40 percent was on main 
rural roads, which constitute 16 percent of the 
Nation’s 3.4 million miles of roads and streets. 
Another 46 percent of the travel was on urban 
streets, which include only 11 percent of the 
total mileage. Local rural roads, comprising 
73 percent of all mileage, carried 14 percent 
of the travel. 

Passenger cars represented 83 percent of 
the vehicles and performed 82 percent of the 
travel in 1957. The average passenger car 
traveled 9,391 miles and consumed 652 gallons 
of fuel at a rate of 14.40 miles per gallon. 
Trucks and combinations accounted for 16 
percent of the vehicles and 17 percent of the 
travel. The average truck or combination 
traveled 10,328 miles, but consumed twice as 
much fuel as the average passenger car, 1,302 
gallons, at a rate of 7.93 miles per gallon. 
Buses accounted for the remaining 1 percent 
of the vehicles and 1 percent of the travel. 


Travel Estimate Procedures 


The travel data in table 1 are based on 
comprehensive studies made by the States in 
connection with the highway cost allocation 
study undertaken by the Bureau of Public 
toads... In that study, travel in municipali- 
ties of less than 5,000 population is included 
with rural travel, inaccordance with the rural- 
urban classification of the Federal-aid sys- 
tems. In table 1, however, all municipal 
travel is shown as urban. This is in accord- 
ance with the motor-vehicle travel data that 
have been published annually by the Bureau 
of Public Roads for a number of years.’ 

During 1957, more than 365,000 traffic 
volume counts of 16 hours’ duration or longer 
were obtained either manually or with ma- 
chines of various types. Permanently located 
counters are operated continuously at more 
than 1,500 locations throughout the United 


’ 


1Third Progress Report of the Highway Cost 
Allocation Study, H. Doc. 91, 86th Cong., 1st sess., 
1959. 

2See previous articles in PUBLIC ROADS maga- 
zine; the most recent article, for 1956, appears in 
vol. 29, No. 11, December 1957. 
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Table 1.—Estimate of motor-vehicle travel in the United States, by vehicle types, in th 
calendar year 1957 } 





Reported by ALEXANDER FRENCH 
Highway Research Enginee 














1 Includes taxicabs, motorcycles, and light trailer combinations pulled by passenger cars. 


States. The continuous counts, when prop- 
erly grouped and related to road sections 
having similar traffic characteristics, provided 
factors by which 24- or 48-hour counts were 
used to calculate the average traffic for the 
year. 

Traffic counts in which the numbers of ve- 
hicles of each type are determined or classi- 
fications counts, as they are called, were 
obtained manually since no machine has yet 
been developed to obtain such information 
economically. To calculate reliable values 
for annual travel, observations were made 
during all seasons of the year, at all hours of 
the day, and on all days of the week. Ap- 
proximately 28,700 classification counts were 
obtained during 1957, making it possible to 
compute the annual vehicle-miles of travel for 
each visual class of vehicle. These estimates 
were prepared by the States and supplied to 
the Bureau of Public Roads. 

The new studies have made possible a 
broader, more reliable base for travel esti- 
mates. However, the total travel of 647,004 
million vehicle-miles, calculated from the new 
estimate base, was very close to the total 
travel determined from the former trend pro- 
cedures, being only 0.7 percent higher. 


Significance of New Estimate Base 


The new estimates indicate that the propor- 
tion of truck travel as well as the proportion 
of travel on local rural roads was previously 


Motor-vehicle travel Motor-fuel 
Num- |} Aver- consumption Average 
ber of age travel 
Vehicle type vehi- | travel per 
Main Local Total cles per Aver- gallon 
rural rural rural Urban Total regis- | vehicle} Total |age per} of fuel 
road road travel travel travel | tered vehicle |consumed 
travel travel 
Million | Million | Million | Million | Million 
vehicle- | vehicle- | vehicle- | vehicle | vehicle- | Thou- Million Miles/ 
miles miles miles miles miles sands | Miles | gallons | Gallons gal. 
Passenger cars $2 22-2 203, 542 71,492 | 275, 034 | 254,371 | 529,405 | 56,375 9, 391 36, 769 652 14. 40 
Buses: A 
Commercial__----_-_- 942 156 1,098 1, 948 3, 041 85 | 35, 776 641 | 7,541 4. 74 
School and nonrev- 
6nuéss. eee 552 551 1, 103 249 1, 352 179 15.008 184 1, 028 Gado 
ANI DUSCSEEsee sees 1, 494 707 2, 201 2, 192 4, 393 264 | 16, 640 825 3, 125 5. 32 
All passenger vehicles__] 205,036 | 72,199 | 277,235 | 256, 563 | 533,798 | 56,639 | 9,425 | 37,594 664 14. 20 
Trucks and combina- 
Hons 2 eee 54,960 | 18,110 | 73,070 | 40,186 | 118,206 | 10,961 | 10,328 | 14,271 | 1,302 7. 93 
All motor vehicles_____- 259,996 | 90,309 | 350,305 | 296,699 | 647,004 | 67,600 | 9,571 | 51,865 767 12. 47 














overestimated. While the 1957 figure o: 
113,206 million vehicle-miles for all trucks anc 
combinations is 2.5 percent below the 116,10( 
million vehicle-miles reported for 1956, the 
new trend data indicate that there wa 
actually an increase of 1 to 2 percent. Sim) 
ilarly, 1957 estimates show that local rura 
roads carried 5 percent less traffic than was 
reported in previous years, and main rura_ 
roads and urban streets carried larger per 
centages ; but from the new trend data it ap. 
pears that increases in travel of 2 percent o1 
more occurred on each of the three classer 
of roads and streets. 

Values for fuel consumption by vehicle type 
have been recalculated on the basis of in. 
formation developed for the Highway Cosi 
Allocation Study, adjusted to 1957, and pub- 
lished registration data.* As a result, the 
average travel per gallon of fuel consult 
for some vehicle types is slightly different 
from earlier 1957 published estimates. The 
new figures indicate a lower value of 7.35 
miles per gallon for schoolbuses. The fact 
that this value is less than that for trucks and 
combinations is probably due to the stop-and- 
go driving characteristics of schoolbuses. 
The comparatively high mileage per gallon of 
fuel for trucks and combinations is due to the 
fact that panel and pickup trucks account for 
nearly half of all travel by trucks and com- 
binations. 





3’ Highway Statistics 1957, Bureau of Public 
Roads, table MV-1, p. 48. 
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Manual on Uniform Traffic Control Devices for Streets and High- 
ways (1948) (including 1954 revisions supplement). $1.25. 

Revisions to the Manual on Uniform Traffic Control Devices 
for Streets and Highways (1954). Separate, 15 cents. 

Mathematical Theory of Vibration in Suspension Bridges (1950). 
Out of print. 

Needs of the Highway Systems, 1955-84, House Document No. 
120 (1955). 15 cents. 

Opportunities in the Bureau of Public Roads for Young Engineers 
(1958). Out of print. 

Parking Guide for Cities (1956). 55 cents. 

Principles of Highway Construction as Applied to Airports, Flight 
Strips, and Other Landing Areas for Aircraft (1943). Out of 
print. 

Progress and Feasibility of Toll Roads and Their Relation to the 
Federal-Aid Program, House Document No. 139 (1955). 15 
cents, 

Progress Report on the Federal-Aid Highway Program, House 
Document No. 74 (1959). 70 cents. 

Public Control of Highway Access and Roadside Development 
(1947). 35 cents. 

Public Land Acquisition for Highway Purposes (1943). 10 cents. 

Public Utility Relocation Incident to Highway Improvement, 
House Document No, 127 (1955). 25 cents. 

Results of Physical Tests of Road-Building Aggregate (1953). 
$1.00, 

Roadside Improvement, No. 191MP (1934). 10 cents. 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Aerial Surveys and Mapping by Photogram- 
metric Methods for Highways, 1958: a reference guide outline. 
75 cents. 

Standard Specifications for Construction of Roads and Bridges on 
Federal Highway Projects, FP—57 (1957). $2.00. 

Standard Plans for Highway Bridge Superstructures (1956). $1.75. 

Taxation of Motor Vehicles in 1932, 35 cents. 

Third Progress Report of the Highway Cost Allocation Study, 
House Document No. 91 (1959). 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces (1943). 
10 cents. 

Transition Curves for Highways (1940). $1.75. 





Single copies of the following publications are available to highway 
engineers and administrators for official use, and may be obtained by those 
so qualified upon request addressed to the Bureau of Public Roads. 
They are not sold by the Superintendent of Documents. 


Bibliography on Automobile Parking in the United States (1946). 
Bibliography on Highway Lighting (1937). 

Bibliography on Highway Safety (1938). 

Bibliography on Land Acquisition for Public Roads (1947). 
Bibliography on Roadside Control (1949). 

Indexes to Pustic Roaps, volumes 17-19 and 23, 

Title Sheets for Pustic Roaps, volumes 24-29, 
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